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ABSTRACT 


A review of the nickel-cadmium battery design developed for the Synchronous Meteor- 
ological Satellite (SMS) and Geostationary Operational Environmental Satellite (GOES) 
provides background and guidelines for future development, manufacture, and application of 
spacecraft batteries. SMS/GOES battery design, development, qualification testing, accept- 
ance testing, and life testing/mission performance characteristics are evaluated for correla- 
tion with battery cell manufacturing process variables. 

The battery configuration employs an assembly and cell container packaging design capa- 
ble of providing a measured energy density of 29 watt-hour/kg. Each battery consists of 20 
series-connected 3.0 Ah prismatic cells. The battery cells are packaged in thin wall containers. 
The cell container wall thickness is reduced approximately 40 percent from the standard 0.63 
mm, resulting in a cell package weight reduction of 6.1 percent or 7 grams. An important 
design feature of the battery is the T-rib four-cell unit; each group of five units is restrained 
by an endplate/throughbolt subassembly. Together the five units and subassembly comprise 
approximately 10.1 percent of the total assembly weight. Two parallel-connected batteries 
provide satellite load support for eclipse and non-eclipse peak load operation. 

A summary of the cell development program, all manufacturing test data, battery fabrica- 
tion and test data is presented. Also included are battery orbital performance data from three 
satellites. The batteries have performed as predicted and have provided the required energy 
storage function for the satellite electrical power subsystem. 
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SECTION 1 
INTRODUCTION 


PROGRAM OBJECTIVES 

This report documents and summarizes specifications and processes used by Ford Aerospa- 
ce & Communications Corporation (FACC) in the manufacture and test of battery cells for 
the SMS-A, SMS-B, and GOES-A, -B, and -C batteries. Battery cell and battery perform- 
ance data obtained during vendor and FACC acceptance tests are reported. Flight battery 
orbital operations are investigated in an effort to correlate cell manufacturing process vari- 
ables with mission performance. 

BACKGROUND 

Ford Aerospace & Communications Corporation’s Western Development Laboratories 
has prepared this analysis report of the SMS/GOES battery cell and battery assembly 
performance in accordance with the requirements of NASA/GSFC Contract NAS5-23693. 
This report summarizes cell process and battery test data obtained in the performance of 
SMS/GOES Contracts NAS5-21575 and NAS5-20750. 

Contract NAS5-21575 for the Synchronous Meteorological Satellite system was initiated 
on 21 December 1970. The combined phase contract was for the design, development, fabrica- 
tion, testing, and delivery of one protoflight satellite (SMS-A) and two flight model satellites 
(SMS-B and GOES-A). SMS-A was launched on 17 May 1974 and was redesignated SMS-1 . 
SMS-B was launched on 16 February 1975 and was redesignated SMS-2. GOES-A was 
launched on 16 October 1975 and was redesignated as GOES-1. GOES-B was launched on 
16 June 1977 and was redesignated GOES-2. GOES-C is scheduled to be launched in 1978. 

SMS/GOES satellites are part of a worldwide weather monitoring system providing the 
first operational geostationary environmental satellite service. A detailed description of this 
satellite system is contained in the final project report WDL-TR7127, dated 29 April 1977. 

The battery design concepts utilized by FACC for the SMS/GOES Program emphasize 
weight efficient mechanical design technology which resulted in an increased energy density 
battery. This program represents one of the original efforts by Eagle Picher Industries, Inc., 
to produce reliable hermetically sealed nickel-cadmium cells for synchronous orbit satellites. 
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SECTION 2 

DESIGN DESCRIPTION 


This section describes the satellite system and power subsystem performance requirements. 
Battery design analyses and cell design parameters are documented and reviewed, A summary 
of the battery configuration in the satellite power subsystem is also presented. 

SUMMARY OF SELECTED DESIGN 

Power Subsystem 

Major elements of the SMS/GOES electrical power subsystem are the power control unit 
(PCU), the solar array, and two hermetically sealed nickel-cadmium batteries. The PCU 
provides the electrical interface between the solar array, the batteries, and the satellite. The 
power subsystem is designed to support satellite loads continuously for 5 years in a geostation- 
ary synchronous orbit, while providing the following features: 

• Continuous power bus regulation 

• Automatic load turnoff during solar eclipse 

• Excessive load disconnect 

• Overload disconnect of selected loads 

• Battery undervoltage protection 

The major elements of the power subsystem are interconnected as shown in Figure 2-1. 

Solar Array 

The solar array consists of three separate solar cell array sections. The requirements of 
each of these sections are summarized below: 

• Main Array. The main array design goal is to support satellite loads at the end of 
the 5-year orbital lifetime at summer solstice. During e 4 uinox seasons, the main 
array provides required battery charging power without compromising perform- 
ance. 

• Battery Charge Control Arrays. The battery charge control array is located on the 
cylindrical portion of the main array and is designed to charge the battery at spin 
angles coincident with the maximum main array power. 

• Sun Sensor Array. This array is required to provide an output to the control 
electronics during satellite sunlight. It consists of two groups of solar cells located 
nearly diametrically opposite each other in the main array. 

Battery 

The batteries supply power for satellite operation during solar eclipse periods, provide 
power for peak current non-eclipse pulses, and provide power for electro-explosive devices 
which potentially exceed the solar array capability. 

General requirements for the battery configuration design include compatibility with: 
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• Satellite mass properties 

• Satellite thermal control 

• Electrical power subsystem boost converter 

• Battery charge electronics 

Specific design requirements are contained in the SMS/GOES Program system specifica- 
tions and include the following requirements: 

• The battery configuration charge and discharge control shall have ground com- 
mand provisions for each operating mode. 

• The battery configuration shall provide for battery undervoltage control (ceil rever- 
sal protection). 

• The battery capacity must be compatible with the load requirement. 

The batteries are sized at 3.0 Ah to deliver 70 watts continuous power during solar eclipse 
periods. These periods occur for 44 days symmetrically about each equinox season, for a total 
of 440 cycles over a 5-year period. Figure 2-2 shows the typical eclipse variation for each 
season with a maximum eclipse period of 72 minutes at equinox. The maximum battery depth 
of discharge at equinox is 60 percent of the rated 3.0 Ah capacity. 

Battery Charge Control 

Battery charging power is derived from the main solar array used in conjunction with the 
battery charge control arrays, which are connected in series with the array main bus. In this 
configuration, the battery charge arrays are operated in a current-limited mode. This provides 
a controlled battery charge current through individual battery charge arrays. Each array is 
divided into two circuits which can be connected to the battery by command. The two circuit 
configuration provides three charging modes: 1 /3 (trickle), 2/3 (intermediate), and 3/3 (full) 
of the total capability. 

During equinox season operation, the full charge mode produces an average charge current 
of 0.235 amp at beginning of life and 0.195 amp at the end of the 5-year design lifetime. Table 
2-1 summarizes battery charge rates throughout the expected orbital life. If required, battery 
charging current can be commanded off. The battery charge rate is selected by ground 
command on the basis of battery charge temperature, voltage, and load support requirements. 
The battery is normally stored in the trickle charge mode during solstice periods if battery 
load sharing is not required. The battery is operated in either the intermediate or full charge 
mode when load sharing is required. 

Battery Discharge/Undervoltage Protection 

The SMS/GOES power subsystem is designed with automatic protective functions and 
load controls that can be overridden by ground command to the satellite. Automatic controls 
within the power subsystem provide undervoltage protection for each of the two batteries. 
Voltage is sensed across series-connected, five-cell groups. If any one cell group voltage drops 
below the equivalent of 1.0 volts per cell (5.0 volts for each group), the affected battery is 
disconnected from the main bus. 
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Figure 2-2. SMS/GOES Eclipse 
Duration at Synchronous Orbit, 
Including Penumbra 


Table 2-1. SMS/GOES Battery Charge 
Current for Beginning and End of Life 


SMS A & B 
GOES A 
Spacecraft 

Charge Current (mA) 

Charge Mode 

Trickle 

Intermediate 

Full 

(1/3) 

(2/3) 

(3/3) 

BOL Equinox 

85 



EOL Equinox 

72 



BOL Summer 
Solstice 

75 


206 

EOL Summer , 
Solstice 

63 

110 

174 


GOESB&C 

Spacecraft 

Charge Current (mA) 

Charge Mode 

Trickle 

(1/3) 

Intermediate 

(2/3) 

Full 

(3/3) 

BOL Equinox 

94 

161 

258 

EOL Equinox 

81 

138 

222 

BOL Summer 
Solstice 

81 

140 

222 

EOL Summer 
Solstice 

71 

121 

195 


BOL — Beginning of Life 
EOL — End of Life (5 years) 


A block diagram of the battery undervoltage/excessive load disconnect system is shown 
in Figure 2-3. The undervoltage sensing is accomplished by four comparator amplifiers 
(battery undervoltage sensor). When an undervoltage signal occurs, a time delayed signal is 
sent from the battery undervoltage sensor. If the excessive load disconnect does not cause 
removal of the battery undervoltage condition, then the battery disconnect relay is energized. 
The battery off command function is accomplished by grounding an input which causes the 
disconnect relay coil to be energized. 

BATTERY DESIGN 

Electrical and General Design Requirements 

Each battery has 20 hermetically sealed prismatic cells connected in series, and having a 
rated capacity of 3.0 Ah. The battery is designed for a predicted discharge voltage range from 
28 to 23 volts. Table 2-2 summarizes general battery performance requirements, Require- 
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RELAY COMMANDS 
IN COMMAND UNIT 


BATTERY 
NO. 1 


iK" 

irf- 

tI ! 


BATTNO. VON 
U/V OVERRIDE 


■ BATT NO. 1 
k OFF 


BATT no. 2 on 
U/V OVERRIDE! 


BATT NO. 2 
OFF i 


BATTERY 

UNDER- 

VOLTAGE 

SENSOR 


BATTERY 

UNDERVOLTAGE 

CONTROL 


EXCESSIVE 

LOAD 

DISCONNECT 


BATTERY 

UNDERVOLTAGE 

CONTROL 


-AGE BATTERY 
ON/OFF CONTROL 


BATTERY 

UNDER- 

VOLTAGE 

SENSOR 


BATTERY 
NO. 2 



ELD 

SIGNAL 


TO BOOST 
CONVERTERS 


Figure 2-3. Battery Undervoltage/Control System Excessive Load Disconnect 



ments listed in this table are taken from the battery assembly design specification (included 
in Appendix A). Each battery cell is electrically isolated from the structural assembly and 
the other cells with a 0.076 mm mylar film jacket. Series connection between cells is provided 
by three parallel-connected, Teflon-insulated 20-gage stranded copper wires, soldered to the 
cell terminal lugs. Battery power connections are made to the terminals at the end of the cell 
series string by means of redundant Teflon-insulated 20-gage stranded copper wires leading 
to the battery power connector. The connector is a subminiature socket, ITT Cannon Type 
DCM-375, which provides the battery to satellite electrical interface. The connector also 
provides for monitoring individual cell voltages during ground tests. The battery wiring 
diagram. Drawing 213828, is included in Appendix B. 

Mechanical Design Requirements 

Mechanical design of the battery accommo- Table 2-2. SMS/GOES Battery 

dates the satellite structural interface con- Performance Requirements 

straints and provides mechanical restraint and 
thermal control. The batteries are located in 
adjacent quadrants on the main equipment 
platform of the satellite. Mounting to the 
equipment platform is accomplished with 12 
stainless steel bolts and washers (size 6-32). A 
battery flatness requirement of 0.38 mm must 
be met prior to installation on the satellite. An 
electrically nonconductive zinc oxide-filled 
thermal grease is used to thermally couple the 
batteries to the equipment platform. The bat- 
teries are electrically grounded through the 
PCU by means of a 20 AWG lug wire as shown 
in View C of Drawing 213827 (included in 
Appendix B). 

The basic component of the SMS/GOES 
battery is the T-rib four-cell unit restrained by 
an endplate/throughbolt subassembly, as illus- 
trated in Figure 2-4. There are 5 four-cell units 
in each battery. The T-ribs and endplate are 
constructed from magnesium alloy 
AZ31B-H24. The material utilized for the 
thrdughbolts is 5.48 mm diameter aluminum 
alloy 2024-T4. The maximum dimensions of the battery are 69.9 by 143.5 by 285.8 mm. The 
typical battery assembly weight is 3.43 kg, including allowance for battery weight matching 
and! center of mass adjustments required for unit interchangeability. The battery assembly 
and cell weight characteristics are summarized in Table 2-3. 

Battery cells are immobilized in the assembly by support blocks and forces from an 
endplate restraining pressure of 0.66 N/mm^ (96 Ib/in^) . The assembly is designed to survive 


Normal main bus battery load 

35 W/battery 

Battery discharge voltage range 

28 to 23 V 

Maximum depth of discharge 

60% rated 
'capacity 

Peak discharge rate (EED device) 

25 A 

Maximum discharge time 

1.2 hours 

Minimum allowable charge time 

22,8 hours 

Total cycles at eclipse (5 years) 

440 cycles 

Cycle repetition rate 

24 hours 

Operating temperature 

5 to 28° C 

Trickle charge periods 

138 days 
between 
cycling 
periods 

Orbital lifetime 

5 years 
minimum 

Battery system 

Two 20-cell 
assemblies 

Weight/battery 

3.5 kg 
maximum 

Center of gravity 

i.0.92cm 

Maximum thermal load/battery 

9W 
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Figure 2-4. SMS/GOES Battery Assembly 


a cell failure which produces an additional load (pressure) of 1.72 N/mm^ (250 Ib/in^). 
Battery structural analysis (included in Appendix C) shows that the assembly will survive an 
ultimate loading of 48 g rms in all directions. Assumptions made in that analysis are as 
follows: 


The battery assembly, being small and compact, has a high natural frequency of 
vibration (in the range of 100 to 300 Hz). 

Since the assembly is composed of 5 four-cell units clamped together, internal 
friction is high and the system exhibits moderate structural damping (on the order 
of 15 percent). 

In sizing the various components of the assembly, each unit of four cells is assumed 
to act independently, and the battery endplates support the load required to clamp 
the assembly together and the cell failure load (pressure) of 0.66 N/mm^ (96 
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Table 2-4 summarizes the design stresses 
and factors of safety for the battery assembly. 

The minimum factor of safety is 1.12 for the 
endplate main support web in shear due to 
clamping and cell failure loads on the through- 
bolts. 

Control of temperature gradients within the 
battery is critical to uniform cell performance 
because of dependence of cell charge efficiency 
on temperature. Passive thermal control of in- 
dividual cells is accomplished by intercell ther- 
mal shunts integral with a T-rib baseplate. The 
T-rib provides a “heat sink” for each each 
group of four cells by conduction to the satelli- 
te equipment mounting platform. 

Thermal Design Requiremonts 

The design concept for temperature control 
of the battery consists of maintaining the bat- 
tery design temperature limits within 5 to 
28®C by utilizing passive thermal control tech- 
niques. The maximum temperature is control- 
led by selection of the effective thermal radiat- 
ing area and the charge rate. The minimum 
temperature is determined by the thermal ca- 
pacitance of the battery and coupling to the 
equipment platform. Figure 2-5 illustrates the 
battery temperature and power dissipation 
profile used in the battery thermal analysis 
(included in Appendix D) for a typical 24-hour equinox period. During post-eclipse charging, 
battery cell electrochemical reactions are endothermic and the minimum battery temperature 
is reached. As the battery receives heat from the equipment platform and enters into overchar- 
ge, a maximum temperature condition occurs. 

Results of the battery thermal analysis and thermal vacuum tests show that the maximum 
cell temperature gradient does not exceed the 5°C design goal. A computer-aided thermal 
analysis was performed for three constant baseplate temperatures of 35, 20, and 5®C. Max- 
imum battery cell temperatures for these conditions were 37, 23, and 9°C, respectively. The 
maximum battery cell temperature is located in the center of the assembly. This analysis was 
performed for magnesium alloy HM-21 A cell support rib material having a thermal conducti- 
vity of 1.37 W/cm®C. Figure 2-6 summarizes thermal characteristics for this material. Due 
to limited availability, magnesium alloy HM-21 A was replaced with AZ31B-H24 alloy 
material which has a thermal conductivity of 0.76 


Table 2-3. SMS/GOES Battery Assembly 
Weight Characteristics 


Component 

Typical Weigh^ 
(grams) 

Battery Cell Assembly 


Positive Electrode Assembly 

41 

Negative Electrode Assembly 

51 

KOH Electrolyte 

16 

Separator — Peljon 2505 
IVIL/Holddown 

5 

Cover/Terminal Assembly 
(Dual Seals) 

14 

Container - Welded Sheet Stock 

27 

Total Per Assembly 

154 

Battery Assembly 


Battery Cell Assembly (20) 

3080 

End Plate Restrainer (2) 

71 

Throughbolt Assembly (2) 

39 

Cell T-Rib Assembly (5) 

89 

Holddown Blocks (15) 

10 

Connector/Thermistors (2) 

27 

Mylar, Wire, Paint, Epoxy (A/R) 

110 

Total Per Assembly 

3426 

Total for Two Assemblies 

6852 
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Table 2-4. SMS/GOES Battery Structural Analysis 


Summary of Design Stresses and Factors of Safety 


Ultimate 

Yield 

Location 

10® Pascals 

Factor 
of Safety 

10® Pascals 

Factor 
of Safety 

Cell support rib 





Web shear 

6.20 

23.35 

4.14 

20.00 

Web tension 

26.88 

8.46 

17.92 

6.92 

Flange shear 

8.96 

16.15 

6.20 

13.35 

Flange bending 

162J0 

1.40 

108.93 

1.14 

Flange bearing 

24.82 

13.05 

16.55 

12.10 

End plate 





Main support web shear 

129.61 

1.12 

37.23 

2.22 

Main support web bending 

183.38 

1.24 

82.04 

1.51 

Side web shear 

- 

- 

69.63 

1.19 

Through bolt tension 

374.34 

1.14 

106.86 

2.58 

Tie-down bolt tension 

13.10 

17.45 

8.96 

13.85 

Tie-down bolt shear 

14.48 

10.00 

9.65 

L ■ ' - . ■ - 

8.58 


BATTERY CELL DESIGN 

The SMS/GOES battery cell design incorporates conventional Eagle Picher manufactur- 
ing processes, dell electrode manufacturing processes utilized in the cell design are described 
in the final report for GSFC Contract NAS5-21 159, “Study of Process Variables Associated 
with Manufacturing Hermetically Sealed Nickel-Cadmium Cells,” (L. Miller, Eagle Picher 
Industries, Inc.). Figure 2-7 shows a cross section of the RSN-3 cell assembly. The container 
wall thickness was reduced approximately 40 percent from the standard 0.63 mm to 0.38 mm 
and a yoke-type design was incorporated for the cell electrode terminal connection. The 
container wall thickness reduction resulted in a cell weight savings of approximately 7 grams. 
A weight breakdown for the cell components is included in Table 2-3. General design and 
construction requirements are specified in the battery cell procurement specification (in- 
cluded in Appendix E). These requirements specify that a 3.0 Ah rated cell deliver 3.6 Ah 
at 24 ± 2°C at beginning of life, and 2.4 Ah after 7Q0 cycles at 60 percent maximum depth 
of discharge, based on the rated capacity. 

Positive Electrode Design 

Positive plate tabs are 0.127 mm thick annealed nickel strips which are welded to each 
plate. The positive group consists of 10 plates with tabs. The theoretical capacity of each 
positive plate group is approximately 5 Ah. Since the positive electrode assembly is thought 
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Figure 2-5. SMS/GOES Battery Temperature Profile for a Typical 24-Hour Equinox Period 


W0L-TR7529 


?--in 




T-RIB TEMPERATURE GRADIENT - AT(°C) 


ASSUMPTIONS 


2. K = 1.37WATTS/CM°C 

3. BASE PLATE SINK TEMPERATURE 21°C 

4. FILLED BASE JOINT 

h = 0.142 WATTS/CM^°C 

5. 18 WATT TOTAL BATTERY THERMAL 

LOAD, 50% DISSIPATED TO BASE 

6. BATTERY CELL WIDTH 52,9 mm 




: 







\ 

. 

. 






V 

BASELINE C 

DESIGN 


, 


— - 

V 




~ — — . — ^ ^ 

■ i 
1 
i 

1 

1 



\ 




) 0.900 W 

j 

i 0 675 W 




1 

1 


■ ■ 

) 0.450 W 
|> 0.225 W 



0 0.05 0.10 0.15 0.20 0.25 0.30 

THICKNESS (mm) 


Figure 2-6. SMS/GOES Battery Assembly T-Rib Thermal Analysis 
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COVER, ASSEMBLY 



to have more stable electrical performance characteristics than the negative electrode assem- 
bly, the cell is designed so that the positive electrode is the limiting electrode. 

Negative Electrode Design 

Since the negative electrode assembly exhibits capacity degradation with cycle life, battery 
cells are normally manufactured with a negative-to-positive electrochemical electrode capaci- 
ty ratio of 1.50:1.00 for synchronous orbit application. The negative plate group consists of 
11 plates with a theoretical capacity of approximately 7.5 ampere hours. The plates are 
fabricated and assembled by methods similar to those described for the positive electrode 
assembly. The required total positive and negative electrochemical capacity characteristics 
are specified in Table 2-5. 

Separator and Electrolyte 

The separator selected for the battery cell 
design is made of nonwoven Pellon 2505 nylon 
filament material approximately 0.38 mm 
thick. Nylon filament material is thought to be 
the optimum separator material available for 
sealed nickel-cadmium cells operated in the 
temperature range of 5 to 28°C. A U-fold sep- 
arator wrap configuration is used for this cell 
design. A 30 weight percent concentration po- 
tassium hyroxide electrolyte provides for the 
transport of charged ions between the elec- 
trodes. Each batch of electrolyte is analyzed 
for carbonate and nitrate content. Carbonate 
concentration must be less than 2.8 g/1 and 
nitrate less than 1.0 mg/1. 

Terminal Seals 

The terminal seal/cover configuration selected for this cell design incorporates double 
ceramic alumina-to-metal seals produced by Ceramaseal, Inc. Each electrode assembly is 
fitted to the ceramic insulator assembly of which the body material is 96.0 ± 2.0 percent pure 
alumina. The insulator-to-cover junction employs a nickel 200 type stress relief configuration 
such that relative motion between the terminal assembly and cover applies minimum stress 
to the insulator and the metal- to-insula tor bonds. The terminal is fitted with an oxygen and 
hydrogen free copper (OHFG) four-hole solder lug brazed to the cell terminal. Figure 2-8 
is a cross section of the terminal seal. 

Cell Container 

A drawn-type container is utilized in this design. The cell container and cover are fabri- 
cated of 304L stainless steel and are joined by a continuous heliarc weld which provides a 
hermetic seal. Although the cell container does not directly affect performance, it does affect 
the weight of the battery cell. The weight of the container is primarily a function of the 
material thickness, and the thickness is dependent on the method of fabrication and mechani- 
cal loading requirements. 
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Table 2-5. RSN-3 Cell Electrochemical 
Capacity Requirements 


Characteristics 

Electrochemical 

Capacity 

(Ratio) 


Maximum 

Minimum 

Total Positive/Rated 
Positive 

1.50 

1.20 

Total Negative/Total 
Positive 

1.80 

1.50 

Excess Negative/Negative 
Precharge 

2.85 

2.25 





SECTIONS 

CELL DEVELOPMENT AND MANUFACTURING 


VENDOR CELL DEVELOPMENT 

In July 1971, a development program was initiated at Eagle Picher Industries, Inc., for 
the design of a sealed 3.0 Ah nickeUcadmium battery cell for synchronous orbit application. 
Three preproduction development cell groups were evaluated. Information from that evalua- 
tion was used in the final engineering (Lot 1) cell design. Cell production processes evolving 
from this development work are included in this section. Also included is a review of prepro- 
duction and engineering cell performance data and flight cell production data for Lots 3 
through 8, 10, and 12. 

PLATE FABRICATION PROCESS 

Plaques and plates for the SMS/GOES battery cells are processed at Eagle Picher’s 
Colorado Springs facility. Eagle Picher uses the “dry” process for manufacture of a porous 
nickel plaque used for both positive and negative plates. Porosity is maintained at approxi- 
mately 80 and 85 percent for the positive and negative plaques, respectively, where porosity 
is defined as void volume based on water absorption. 

Special dies for coining the sintered plaque are used to produce individual plate sizes. After 
coining, the plaques are immersed in a heated nitrate solution followed by cathodic polariza- 
tion, rinsing, and drying. Positive plates are processed using nickel nitrate solutions and 
negative plates using cadmimum nitrate. Three formation cycles are performed on the proc- 
essed plaques to remove excess material from the plaque surface before cutting into individual 
plates. These formation cycles are performed on both positive and negative plaques in a bath 
of potassium hydroxide. 

Plate loading or active material pickup is determined by subtracting the sintered plaque 
weight from the impregnated plaque weight after excess active material has been removed 
from the plaque surface. The effective active material area on both the positive and negative 
plaques is 5.53 dm^. This plaque area yields 30 plates of the RSN-3 cell size. 

CELL MANUFACTURING FLOW 

After receipt of plaque material from the Colorado Springs facility, final cell mechanical 
assembly is performed at Joplin, Mo. Basic manufacturing steps are summarized in the 
following paragraphs and Figure 3-1. 

Positive and Negative Electrode Preparation 

Positive and negative plates are die cut with radius corners to decrease chipping, flaking, 
and the possibility of separator mechanical breakdown between plates. After cutting, plates 
are weighed and the average weight determined. Plates are screened within ±3.5 percent of 
the average weight and edge coated with a plastic cement. The positive and negative plate 
tabs are then spot welded to the plates and an inspection performed for the following: 
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POSITIVE AND NEGATIVE 
ELECTRODE PREPARATION 


Cut and punch plates 
Weigh and sort plates 
Edge coat plates 
Spot weld plate tabs 
Press and store plate^ 


GROUP CONSTRUCTION 


Inspect positive and negative plates 
Group and inspect positive plates 
Group and inspect negative plates 


CELL ASSEMBLY 
PROCEDURE 


Weigh positive and negative groups 

Degrease cell cases 

Preshape and spot weld tabs 

Trim tabs and weld terminals 

Install separator wrap 

install cell pack in case 

Weld cover to case and serialize 


Leak check gage assemblies and cells 
Record dry weight and activate cells 
Record wet weight and install gages 
Condition cycle cells 
Perform electrode capacity test 
Perform power discharge 
Measure negative electrode precharge 


Vacuum leak check gage assemblies and cells 

Perform 24° C overcharge capacity test 

Perform 35° C capacity test 

Perform O'^C capacity test 

Perform 24°C capacity test 

Perform electrolyte leakage test 

Perform charge retention test 

Vacuum leak check gage assemblies and cells 


Pinch off and weld cell fill tubes 
Helium leak check cells 
Liquid horie cells 
Label cells 

Perform electrolyte leak check 
Perform final inspection 


Figure 3-1. Celi Manufacturing Flow 


FINISHED CELL 
PREPARATION 


ACCEPTANCE TEST 
PROCEDURE 


FINAL CELL ASSEMBLY 


ORIGINAL 

OE POOR (JUAlWlt 
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• Active material flaking from the plate surface 

• Rough edges, burrs, or snags over the entire electrode surface (inspection made with 
clean nylon gloves to feel for snags on fibers of gloves) 

• Pimples, blisters, and peeling of sinter materials in excess of 0.051 mm above the 
electrode surface 

Group Construction and Ceil Assembly 

Plates are grouped, inspected, and weighed prior to installation in the cell case. Plate tabs 
are preshaped and spot welded, and the plate tabs welded to the terminals on the cell case 
cover. Plates are separated by a U-fold separator wrap and the cell pack installed in the case. 
The cover is welded to the case and the cells are then serialized. Pressure gages are attached 
to the cell fill tubes and a leak check performed. The cell dry weight is determined and 
electrolyte activation is performed. 

Electrode Ratio and Precharge 

Cell electrode capacity ratios are determined by a starved test after electrolyte activation 
or fill. Electrode capacity test requirements were previously summarized in Table 2-5. Cell 
precharge adjustment is made following electrolyte activation and three cell conditioning 
cycles. Each conditioning cycle consists of a 1.5 amp charge for 4 hours minimum at room 
ambient conditions until a cell voltage of 1.60 volts is reached, followed by a 1.5 amp 
discharge to a cell voltage of 1.0 volt. Oxygen generated during overcharge is vented through 
a one-way relief valve set for approximately 13.79 to 27.58 x 10‘®N/mm^ (2 to 4 Ib/in^). 

After completion of the third conditioning charge, precharge is set by electrochemically 
discharging at a 0.075 amp rate (power discharging) the fully charged negative group against 
the cell container. Precharge specified for the SMS/GOES battery cells is 40 dt 10 percent 
of the excess negative electrochemical capacity measured in the starved electrode capacity 
test. Precharged negative capacity is determined following precharge adjustment in the same 
manner as for the electrode capacity test. 

ACCEPTANCE TEST PROCEDURE 

Following precharge adjustment, a leak check is performed on the cells and gage assem- 
blies. The cells are given an overcharge capacity test at 24°C and capacity tests at 35, 0, and 
24°C. Electrolyte leakage and open circuit cell charge retention tests are made, followed by 
a vacuum leak check on the cells and gage assemblies. The cells are back-filled with an 
oxygen /helium mixture, the gages are removed, and cell fill tubes pinched off and welded. 
A helium leak check is performed to verify the hermetic seal of the cell. The cells are then 
liquid honed and labeled, and a final electrolyte leakage test is performed. A chronological 
summary of the cell manufacturing and test flow is included in Appendix F. 

PREPRODUCTION ENGINEERING CELL PERFORMANCE 

The principal process variable evaluated in the preproduction engineering cells was electro- 
lyte quantity. Other design parameters evaluated were: 

• Cell electrical capacity 
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• Electrode capacity ratio 

• Precharge level 

• Electrode formation 

Manufacturing and test data for three development cell groups are included in Tables 3-1 
through 3-4. Group I cell manufacturing data summarized in Table 3-1 show relatively low 
negative and positive plaque loading levels compared with Groups II and III. Negative 
loadings of approximately 15 g/dm^ achieved for the Group II and III cells resulted in 
improved starved negative capacity. 

Increased positive loadings for these groups yielded improved cell capacity. In order to 
maintain minimum specified negative-to-positive cell electrode ratios in subsequent produc- 
tion lots, positive loadings were reduced to a range of 11.6 to 13.3 g/dm^. Additional 
discussion of development work for electrolyte optimization is included in the following 
paragraphs. 

Group 1 Development Celle 

Eleven cells were fabricated in the first development group. A 30 weight percent concentra- 
tion potassium hydroxide electrolyte was evaluated for quantities corresponding to 18, 19, and 
20 percent of the cell core weight (or 11.4 to 14.0 cc KOH), Following three conditioning 
cycles and precharge adjustment, the Group I cells were electrically tested. Data summarized 
in Table 3-2 show a trend of higher cell overcharge pressures with increased electrolyte fill. 
The cells were tested initially at 24, 40, 0, and 24®C, followed by a 1 0-cycle synchronous orbit 
test simulation at 30°C. Because this cell group delivered a lower positive electrode capacity 
than desired, a decision was made to fabricate a second cell group with increased positive plate 
loadings. 

Group II Development Cells 

Twelve cells were evaluated in the second development group. The first six cells were 
subjected to three standard conditioning cycles after electrolyte activation. Plates for the 
second six cells were first given a special flooded electrolyte three formation cycle treatment. 
These six cells were then assembled and subjected to three standard conditioning cycles prior 
to precharge adjustment. Group II cell electrolyte fill quantities were 17, 18, and 19 percent 
of the cell core weight (or 12.6 to 14.0 cc KOH). Data summarized in Table 3-1 show that 
increased plate loadings and capacity values were achieved for this group. No significant 
improvement in the cell negative-to-positive electrode ratio resulted from the increased load- 
ings. The six cells in this group containing plates subjected to the special formation cycles had 
lower charging pressures and voltages, as summarized in Table 3-3. Cells were initially tested 
at 24, 40, 0, and 24°C, followed by a 23-cycle synchronous orbit test simulation at tempera- 
tures ranging from 5 to 30°C. During this test, all Group II cells exhibited some discharge 
voltage fading that was believed due to inadequate negative electrode precharge. 

Group III Development Cells 

Twelve cells were evaluated in the third development group. Plaque material for the Group 
III cells was subjected to an extra three high rate flooded electrolyte formation cycles at the 
Colorado Springs facility to improve active material electrochemical utilization. The plaque 
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material was then shipped to the Joplin facility 
for plate processing and cell fabrication. Elec- 
trolyte fill remained at 17, 18, and 19 percent 
of core weight (or 12.6 to 14.0 cc KOH). Data 
summarized in Table 3-1 show that increased 
plate loadings were achieved for this group; 
however, some undesirable positive plaque 
growth and associated plate surface cracking 
was observed. Following three conditioning 
cycles and precharge adjustment, the Group 
III cells were electrically tested. These cells 
exhibited lower pressure characteristics than 
cells from Groups I and II not having the spe- 
cial formation cycling. The Group III cells 
were tested initially at 24, 40, 0, and 24°C, 
followed by a 12-cycle synchronous orbit test 
simulation at 30°C. Cells having lower electro- 
lyte levels exhibited reduced pressure char- 
acteristics, as summarized in Table 3-4. Ex- 
cept for some marginal charge retention test 
results, performance for this cell group was 
generally acceptable at conclusion of the tests. 

Development Cell Test Results Summary 

Results of the three development cell group 
experiments indicate that several significant 
process and design parameter values tend to 
improve the cell performance. Information 
from these experiments was utilized on the 
flight cell production. These improvements are 
summarized as follows. 

• The positive plate active material 
loading range should be controlled 
to attain the desired positive plate 
capacity and required minimum 
negativeto-positive capacity ratio. 
Loading values in the range of 11.6 
to 13.3 g/dm^ appear to be satisfac- 
tory based upon subsequent produc- 
tion cell performance. 

• High rate charge/discharge cycling 


Table 3-1. Development Cell 
Manufacturing Data 



Group 1 

Group II 

Group III 

Negative loading 
(g/dm^) 

12.0 

14.6 

15.5 

Negative group 
weight (g) 

44.4 

52.4 

50.6 

Negative group 
thickness (mm) 

7.9 

8.9 

8.5 

Positive loading 
(g/dm^) 

11.6 

13.3 

14.3 

Positive group 
weight (g) 

39.5 

43.1 

42.4 

Positive group 
thickness (mm) 

6.6 

7.2 

7.0 

Core thickness 
(mm) 

18.2 

20.0 

18.2 

Electrolyte fill 
(cc) 

(a) 

(a) 

(a) 

Cell dry 
weight (g) 

155.0 

163.2 

140.4 

Starved negative 
capacity (Ah) 

5.31 

6.37 

6.20 

Starved positive 
capacity (Ah) 

4.04 

4.80 

4.90 

Negative power 
discharge (Ah) 

1.20 

1.20 

1.20 

Measured negative 

1.08 

0.63 

0.70 

precharge (Ah) 

(o.oyj^** 

(0.37)<‘^* 

(O.IO)*'"* 

Negative to 
positive ratio 

1.31 

1.33 

1.27 

Discharged excess 
negative (Ah) 
(electro- 
chemically 
available)^^^ 

0.19 

0.94 

0.60 


(a) See Tables 3-2, 3-3 and 3-4 for specific 
electrolyte quantities evaluated for these 
cell groups 


|b) Starved negative capacity — starved 
positive capacity — negative power 
discha rge = calcul ated neg ative precha rge ( Ah) 

(c) I Starved negative capacity - starved positive 
capacity — measured precharge = discharged 
excess negative 


of positive and negative plaques after active material impregnation appears to 
enhance active material utilization in the cell, as exhibited in the cell 0°C overchar- 


ge voltage test with values of 1.48 volts/cell maximum and low cell internal oxygen 
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Table 3-2. Group I Cell Development Test Data 


1 


i 



18% 

19% 

20% 



Electrolyte Fill (cc) 

11.9 

11.4 

12.6 

12.6 

13.1 

13.0 

12.9 

13.6 



14.0 



CellS/N 

6 

7 

3 

4 

1 

2 

5 

8 



11 

Requirement 

C/2 Conditioning Cycle 2 
Capacity (Ah) 

24®C C/1 0 Charge for 40 hours 

3.85 

3.80 

4.02 

3.92 

3,97 

3.85 

3.87 

4.07 



3.85 

N/A 

N/A 

Peak Voltage IV) ^ 

(ECT) 

1,41 

1.42 

1.42 

1.42 

(ECT) 

1.42 

1.41 

1.41 

1.42 




Peak Pressure 10“3 n/ 

(lb/(it.2) 


0 

200 

97 

207 

317 

407 

241 

317 

(ECT) 

517 

max 


(0) 

(29) 

(14) 

(30) 


(46) 

(59) 

(35) 

(46) 


(75) 


C/2 Capacity (Ahl 


3.70 

3.83 

3.75 

3,85 


4.03 

3.90 

4.00 

4.08 


3.60 

mm 

Charge Retention (V) 

24®C C/10 Charge for 20 hours 


1.20 

1.07 

1.06 

1.08 


1.20 

1.06 

1.19 

1.08 


1.16 

min 

peak Voltage TV) 


1,460 

1.450 

1.466 

1.458 


1,467 

1.460 

1.450 

1.462 


1.46 

max 

Peak Pressure lO'^N/mm 
|[b/in.2) 


0 

117 

68.9 

82.7 


89.6 

(13) 

200 

68.9 

138 


517 

max 


(0) 

(17) 

110) 

(12) 


(29) 

(10) 

(20) 


(75) 


C/2 Capacity (Ah) 

24*^C C/10 Charge lor 20 hours 


3.50 

3.37 

3.37 

3.65 


4.03 

3.45 

4.00 

3.60 


3.60 

min 

Peak Voltage IV) 


1.450 

1.439 

1.145 

1.449 


1.460 

1.448 

1.440 

1.450 


1.46 

max 

IRetestJ Peak Pressure 

llb/in.2) 


0 

159 

131 

103 


138 

243 

48.3 

152 


517 

max 


(0) 

(23) 

(19) 

(15) 


(20) 

(341 

(7) 

(22) 


(76) 


C/2 Capacity (Ah) 

40®C C/10 Charge for 20 hours 


3,53 

3.37 

3.45 

3.70 


3.90 

3,55 

3.88 

3,70 


3.60 

min 

Peak Voltage (V) « 


1,38 

1.38 

1.38 

1.38 


1.37 

1.38 

1.37 

1.38 


1.39 

max 

Peak Pressure 10"3(s|/mm^ 


200 

607 

607 

655 


689 

689 

469 

689 


517 

max 

llb/in 2) 


(29) 

(88) 

(88) 

(95) 


■insn 

(100) 

(68) 

KESn 


(75) 


C/2 Capacity (Ah) 

0®C C/20 Charge for 48 hours 


2.12 

2.60 

2.43* 

2.35* 


2,80* 

2.58* 

2.65 

2.67* 


2.00 

m'm 

Peak Voltage (V) 2 


1.530 

1.553 

1,550 

1.550 


1.628 

1 .554 

1.628 

1,566 


1.52 

max 

Peak Pressure 


0 

393 

200 

172 


689 

483 

138 

483 


517 

max 

(lb/in.2) 


(0) 

(57) 

(29) 

(25) 


(100) 

(70) 

(20) 

(70) 


(75) 


C/2 Capacity (Ah) 

24®C C/10 Charge for 20 hours 


2.80 

2.98 

3.12 

3.73 


3.98 

3.33 

3.73 

3.55 


3.00 

mm 

Peak Voltage (V) 2 


1.431 

1.438 

1.429 

1,426 


1.420 

1.434 

Shorted 

1.434 


1.46 

max 

Peak pressure lO'^N/mm- 


0 

503 

372 

510 


34.6 

662 


621 


517 

max 

(lb/in.2) 



(73) 

(54) 

(50) 


(5) 

(96) 


(90) 


(75) 


C/2 Capacity (Alt) 


3.22 

3.40 

3.45 

3.55 


Reversed 

3.48 


3.68 


3.60 

min 

Charge Retention Voltage IV) 

Synchronous Orbit Cycle Test 
(DVTP-159) 

Cycle 1 C/1 0 Charge for 22,8 hours 


1.230 

1.210 

1.223 

1.225 



1,218 


1.223 


1,16 

mtn 

Peak Voltage (V) _ 


1.400 

1.400 

1 .397 

1.392 



1.398 


1,400 


1.43 

max 

{30®O Peak Pressure lO'^N/mm*^ 


172 

641 

510 

517 



689 


689 


517 

max 

(lb/in.2) 


(25) 

193) 

(74) 

(75) 



(100) 


KE&n 


175) 


C/2 72 Minute Voltage IV) 

Cycle 2 C/10 Charge for 22.8 hours 
P(?ak Voltage ivr 2 


1.186 

1.219 

1.203 

1.208 



1.219 


1.224 


1.16 

mm 


1.396 

1 .394 

1.390 

1.386 



1.392 


1 .396 


1.43 

max 

(3Q®C) Peak Pressure lO'^N/ mm^ 


345 

689 

689 

689 



689 


689 


517 

max 

(lb/in.2) 


(50) 

(100) 


(100) 



(100) 


(100) 


(75) 


C/2 72 Minute Vqttngo (V) 

Cycle 1 0 C/10 Charge for 22.8 hours 


1.153 












Peak Voltage IV) „ 0 


1.390 










1 .43 

max 

(3Q®C) Peak pressure 10“2N/mm 


503 










517 

max 

llb/in.2) 

1 ■ ■ 

(73) 










(75) 


C/2 72 Minute Voltage (V) 

!' ^ 

1.110 










1.16 

min 

Starved Positive ECT (Ah) 

, 4.12 

4.12 




3.88 





4.12 



Starved Negative ECT (Ah) 

5.20 

5.15 




4.83 





5.90 



Flooded Positive ECT (Ah) 






4.12 





4.12 



Flooded Negative ECT (Ah) 






5.78 


1 ^ 



6.45 




‘Vented to atmospheric pressure prior to 0®C test. 
‘Romoved from test i|ue to high pressure 


lECT — electrode CapncityTesO 
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Table 3-3. Group II Cell Development Test Data (Continued) 


Electrolyte Fill (cc) 
Cell S/N 


20°C Cycle 16 C/TO Charge for 22.8 hours 
Peak Voltage {Vl 2 

Peak Pressure 

Ob/in.2) 

C/2 72 Minute Voltage (V) 

5°C Cycle 17 C/10 Charge for 22,8 hours 
Peak Voltage (V) « 

Peak Pressure 

{lb/in.2) 

C/2 72 Minute Voltage (V) 

5^C Cycle 18 C/10 Charge for 22.8 hours 
Peak Voltage (V) 2 

Peak Pressure 10'3(v|/mfn^ 

(Ib/m.2) 

C/2 72 Minute Voltage (V) 

5°C Cycle 19 C/10 Charge for 22.8 hours 
Peak Voltage fV) 2 

Peak Pressure 1 0~3|S|/mm^ 

((b/in.2) 

C/2 72 Minute Voltage (V) 

Cycle 20 G/10 Charge for 22.8 hours 

Peak Pressure 10"^N/mm2 

(lb/in.2) 

5 Day Recombination Pressure 
10*3N/mm2 
(lb/in.2) 



5°C Cycle 21 C/15 Charge for 22.8 hours 
Peak Voltage (V) o 

Peak Pressure 10”3fsj/mrn‘^ 

(lb/in.2) 

C/2 72 Minute Voltage (V) 

5°C Cycle 22 C/15 Charge for 22.8 hours 
Peak Voltage (V) 2 

Peak Pressure 

(lb/in.2) 

C/2 72 Minute Voltage (V) 

10®G Cycle 23 C/1 5 Charge for 22.8 hours 
Peak Voltage (V) 2 

Peak Pressure \ 

(Ifa/in2) 

C/2 72 Minute Voltage (V) 

Starved Positive ECT ( Ah) 

Starved Negative ECT (Ah) 

Flooded Positive ECT (Ah) 

Flooded Negative ECT (Ah) 


•Plates For These Cells Subjected To A Special Flooded Electrolyte Three Formation Cycle Treatment 
••Celts Reconditioried During Cycles 8 and 9 
•••Cells Removed From Charge Due To Excessive Pressure 

(ECT— Electrode Capacity Test) 


PAGE-0008 
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Table 3-4. Group III Cell Development Test Data 



17% 

, 

18% 

19% 



Electrolyte Fill kc) 

12.6 

12.6 

12.6 

12.6 

13.3 

13.3 

13.3 

13.3 

14.0 

14.0 

14.0 

14.0 



Cell S/N 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

Requirement 

Conditioning Cycle 2 
Capacity (Ah) 

24^C C/1 0 Charge for 20 hours 

4.65 

4.67 

4.67 

4.55 

4.55 

4.67 

4.67 

4.67 

4.70 

4.72 

4.75 

4.72 

N/A 


1.46 

Peak Voltage IV) 2 

1.417 

1.414 

1.415 

1 .420 

1.420 

1.420 

1.420 

1.418 

1.405 

1.420 

1.420 

1.424 

max 

Peak Pressure 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

517 

max 

(lb/in,2) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

(75) 


C/2 Capacity (Ah) 

40°C C/10 Charge for 20 hours 

4.58 

4.60 

4.60 

4.63 

4.68 

4.68 

4.68 - 

4.58 

4.10 

4.70 

4.72 

4.72 

3.60 

min 

Peak Voltage (V) « 

1,370 

1.370 

1.369 

1.370 

1.370 

1.370 

1.369 

1.366 

1.365 

1.368 

1.369 

1.370 

1.39 

max 

Peak Pressure lO'^N/mm"^ 

0 

0 

0 

0 

0 

6.89 

13.8 

13.8 

34.5 

20.7 

20.7 

55.2 

517 

max 

{lb/in.2) 

(0) 

(0) 

(0) 

(0) 

(0) 

(1) 

(2) 

(2) 

(5) 

(3) 

(3) 

(8) 

(75) 


C/2 Capacity (Ah) 

0°C C/20 Charge for 48 hours 

2.85 

2.88 

2.85 

2.88 

2.97 

2.95 

2.95 

2.90 

2.58 

2.98 

3,00 

3.03 

2.00 

min 

Peak Voltage (V) 2 

1.480 

1.480 

1.477 

1.480 

1.480 

1.480 

1.480 

1.478 

1.426 

1.480 

1.480 

1.488 

1.52 

max 

Peak Pressure 1 

0 

0 

0 

0 

6.89 

13.8 

20.7 

20.7 

0 

20.7 

41.4 

55.2 

517 

max 

(lb/in.2) 

(0) 

(0) 

(0) 

(0) 

(1) 

(2) 

(3) 

(3) 

(0) 

(3) 

(6) 

(8) 

(7S) 


C/2 Capacity (Ah) 

24®C C/1 0 Charge for 48 hours 

4.37 

4.37 

4.23 

4.33 

4.47 

4.42 

4.42 

4.37 

3.10 

4.53 

4.50 

4.40 

3.00 

min 

Peak Voltage ( V) 2 

1.426 

1.427 

1.418 

1.424 

1.425 

1.425 

1.425 

1.416 

1.410 

1.417 

1.419 

1.424 

1,46 

max 

Peak pressure lO'^M/mm'^ 

20.7 

20.7 

13.8 

13.8 

41.4 

55.2 

621 

75.8 

193 

96.5 

131 

131 

517 

max 

(lb/in,2) 

(3) 

(3) 

(2) : 

(2) 

(6) 

(8) 

(9) 

(11) 

(28) 

(14) 

(19) 

(19) 

(75) 


C/2 Capacity (Ah) 

Synchronous Orbit Cycle Test 
(DVTP-159) 

30°C Cycle 1 C/10 Charge for 22.8 hours 

4.58 

4.58 

4.43 I 

4.52 

4.68 

4.60 

4.58 

4.45 

4.00 

4.60 

4.63 

4.60 

3.60 

min 

Peak Voltage (V) o 

1.398 

1.397 

1.393 

1.396 

1.396 

1.394 

1.393 

1-389 

1.386 

1.390 

1.393 

1.395 

1.143 

max 

Peak Pressure 1 

117 

68.9 

117 

55.2 

165 

186 

207 

221 

365 

317 

331 

317 

517 

max 

(jb/in.2) 

(17) 

(10) 

(17) 

(8) 

(24) 

(27) * 

(30) 

(32) 

(53) 

(46) 

(48) 

(46) 

(75) 


C/2 72 Minute Voltage (V) 

30®C Cycle 12 C/10 Charge for 22.8 hours 

1.243 

1.240 

1.236 

1.240 

1.246 

1.240 

1.245 

1.239 

1.234 

1,245 

1.248 

1.249 

1.16 

min 

Peak Voltage (V) « 

1.396 

1.395 

1.393 

1.394 

1.393 

1.390 

1.390 

1.390 

1.395 

1.390 

1.390 

1.393 

1.43 

max 

Peak Pressure lO'^N/mm^ 

124 

62.1 

117 

89.6 

172 

324 

276 

296 

455 

310 

427 

517 

517 

max 

(Ib/in 2) 

1 (18) 

(9) 

(17) 

(13) 

I (25) 

(47) 

(40) 

(43) 

(66) 

(45) 

(62) 

(75) 

(75) 


C/2 72 Minute Voltage (V) 

1 1.180 

1.175 

1.179 

1.178 

' 1.180 

1.18 

1.185 

1.179 

1.109 

1.186 

1.188 

1.194 

1.16 

min 

C/2 Capacity (Ah) 

3.35 

1 3.28 

3.33 

3.28 

3.35 

3.35 

3.25 

3.10 

2.48 

3.33 

3.40 

3.58 

N/A 


Charge Retention Voltage (V) 

! 1.16 

I 1.16 

1.17 

1.15 

! 1.15 

1 1.12 

1.13 

1.15 

0.77 

1.13 

1.11 

1.08 

1.16 

min 

Starved Positive ECT (Ah) 

4.90 

4.65 


4.65 

4.90 



4.48 







Starved Negative ECT (Ah) 

6.20 

5.30 


5.32 

6.20 



4.85 







Flooded Positive ECT (Ah) 


4.57 


1 4.57 


4.75 


4.45 




4.78 



Flooded Negative ECT (Ah) 


5.77 


5.77 


5.91 


5.65 


5.91 


5.96 




( ECT — Electrode Capacity Test) 





gas pressure values, typically 20.68 x 10'®N/mm^ (3 Ib/in^). 

• Electrolyte fill volumes of 12.6 to 13.3 cc of 30 percent by weight KOH (17 to 18 
percent of the cell core weight) provides satisfactory cell gas pressure characteris- 

t tics during overcharge conditions. 

• After low rate power discharge (C/50 to C/100) of the negative electrode during 
the precharge adjustment, the amount of precharge measured is usually greater 
than that calculated as shown in Table 3-1. 


SELECTED ENGINEERING CELL DESIGN 

Lot 1 cell production for the engineering and qualification batteries was initiated upon 
completion of the cell development group tests. A cell negative-to-positive electrode capacity 
ratio of 1.46:1.00 was obtained by reducing the positive and negative plate loadings to 
approximately 12.8 and 14.3 g/dm^, respectively. Data from the engineering cell manufactur- 
ing and test operations are summarized in Tables 3-5 and 3-6. Cell pressure characteristics 
summarized in Table 3-6 are representative of an electrolyte fill of 18.7 percent of the cell 
core weight (or 12.9 cc KOH). Increased negative-to-positive cell capacity ratios that were 
achieved for this lot provided the margin for the relatively higher levels of precharge and 
discharged excess negative capacities obtained. The cells showed no significant reduction in 
performance during testing at 24, 35, 0, and 24°C. The maximum cell overcharge voltage at 
0°C was 1.515 volts, typical, compared with the specified limit of 1.52 volts. 

FLIGHT CELL PRODUCTION 

Flight cell production was initiated based on results of development and engineering cell 
tests. Cell production data for Lots 1, 3 through 8, 10, and 12 (summarized in Table 3-7) 
compare relative differences in these lots. Cell electrolyte fill was generally maintained at 18.0 
percent of the cell core weight except for Lots 3 and 4 where the fill values were 22.1 and 
19.7 percent, respectively. Cells from those lots were rejected for flight use because of cell 
case and cover assembly distortion due to high pressure characteristics associated with in- 
creased electrolyte filling. Average positive and negative plate loadings for the flight lots were 
12.3 and 14.5 g/dm^, respectively. Negative active material loading ranged from 13.3 to 15.0 
g/dm^, except for the Lot 8 cells which had negative loadings of 16.0 g/dm^. Positive loadings 
ranged from 11.3 to 12.8 g/dm^. Starved negative-to-positive electrochemical capacity tests 
for these cell lots yielded ratios in the range of 1.40 to 1.72:1.00, except for the Lot 8 cells 
which had a measured ratio of 1 .83, due to excessively high negative plate loadings. Precharge 
capacity on the negative plates generally ranged from 0.7 to 1.1 Ah. Lot 8 negative precharge 
was 1.35 Ah due to higher loaded negative plates. 

SMS/GOES battery cell performance evaluation test results summarized in Appendix G 
identify circumstances where excessive pressures in Lot 3 production cells weakened the cell 
plate tab-to-terminal spade welds and caused an increase in the cell internal resistance. 
Failure analysis of spade weld areas on other cells from Lots 2, 3, and 6 by the GSFC 
Materials Engineering Branch showed incomplete fusion in the Lots 3 and 6 plate tabs at the 
tab-to-terminal spade weld interface. It was determined that the weld schedule used for the 
Lot 3 and 6 cells was established for earlier production cells which had a combination of 
Inconel and nickel plate tabs. All Lot 6 cell plate tabs were found to be high in nickel content. 
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Table 3*5. Lot 1 Engineering Cell 
Manufacturing Data 


Table 3-6. Lot 1 Engineering Cell Test 
Data 



Typical Values 

Negative loading (g/dm^) 

14.3 

Negative group weight (g) 

49.9 

Negative group thickness (mm) 

8.2 

Positive loading |g/dm2) 

12.8 

Positive group weight (g) 

39.4 

Positive group thickness (mm) 

6.8 

Core thickness (mm) 

19.2 

Electrolyte fill (cc) 

12.9 

Finished cell weight (g) 

154.4 

Starved negative capacity (Ah) 

6.45 

Starved positive capacity (Ah) 

4.41 

Negative power discharge (Ah) 

1.18 

Measured negative precharge 
(Ah) 

0.98* 

Negative to positive ratio 

1.46 

Discharged excess negative (Ah) 
(electrochemically available)** 

1.06 


*Power discharge at 0.075 A for 13 hours 
yielded a negative precharge measurement 
ofl.lSAh. Power discharge was then 
continued at 0.100 A for 2 hours, resulting 
in a calculated negative precharge of 0.98 Ah. 

**Starved negative capacity — starved positive 
capacity - measured precharge = discharged 
excess negative. 

whereas 8 of 1 1 Lot 2 cell tabs contained a 
composition comparable to that of Inconel, 
750 or 75 1 . The Lot 3 sample had a weld in the 
tab area but no fusion between the tabs and the 
nickel saddle. Only one of these tabs was nickel 
and the remaining were an Inconel alloy. Be- 
cause of differences in the electrical resistivi- 
ties of these materials, it was concluded that a 
weld schedule designed for Inconel tabs would 
generate more heat than that for nickel tabs. 
It was determined that a pull test on the tabs 
is not a reliable indication of a good weld in 
which penetration occurs into both sides of the 
spade or saddle. Review of the manufacturer’s 
welding processes resulted in the following ac- 
tions. 




Requirement 

Conditioning cycle 2 

4.45 

N/A 

capacity (Ah) 



24°C C/10 charge for 



20 hours 



Peak voltage (V) 

1.420 

1 .46 max 

Peak pressure 



(10“3N/mm^) 

55.2 

517 max 

(Ib/in2) 

(8) 

(75 max) 

C/2 capacity (Ah) 

4.52 

3.60 min 

35*^0 C/10 charge for 



20 hours 



Peak voltage (V) 

1,380 

1 .39 max 

Peak pressure 



(10-3N/mm2) 

234 

517 max 

<lb/in2) 

<341 

(75 max) 

C/2 capacity (Ah) 

2.83 

2.00 min 

0°C C/20 charge for 



48 hours 



Peak voltage (V) 

1.515 

1.52 max 

Peak pressure 



(lO-^N/mm^) 

117 

517 max 

(Ib/in2) 

(17) 

(75 max) 

C/2 capacity (Ah) 

3,98 

3.00 min 

24°C C/10 charge for 



20 hours 



Peak voltage (V) 

1.451 

1.46 max 

Peak pressure 



(10~^N/mm^) 

124 

517 max 

(Ib/in^) 

(18) 

(75 max) 

C/2 capacity (Ah) 

4.20 

3.60 min 

Charge retention 

1.212 

1.16 min 

voltage (V) 



Starved positive ECT 

4.41 


(Ah) 



Starved negative ECT 

6.45 


(Ah) 



Flooded positive ECT 

4.72 


(Ah) 

■ 


Flooded negative ECl 

7.42 


(Ah) 




- W ■ - 
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Table 3-7. Flight Cell Manufacturing Data 



Lot 1 

Lot 3 

Lot 4 

Lots 

Lot 6 

Lot? 

Lots 

Lot 10 

Lot 12 

Negative loading (g/dm^ 

14.3 

14.4 

14.4 

14.1 

14.1 

13.3 

16.0 

15.0 

15.0 

Negative group weight (g) 

49.9 

49.8 

49.8 

48.5 

48.3 

48.2 

53.9 

50.5 

50.4 

Negative group thickness (mm) 

8.2 

8.3 

8.3 

7.2 

7.2 

8.3 

8.8 

8.0 

7.9 

Positive loading (g/dm^) 

12.8 

11.3 

11.3 

12.7 

12.7 

12.5 

12.8 

12.3 

12.3 

Positive group weight (g) 

39.4 

38.6 

38.6 

40.3 

40.6 

40.7 

39.9 

39.7 

39.8 

Positive group thickness (mm) 

6.8 

6.4 

6.4 

6.5 

6.5 

6.9 

6.9 

6.8 

6.8 

Core thickness (mm) 

19.2 

18.0 

18.7 

18.4 

18.5 

19.6 

19.8 

18,8 

18.4 

Electrolyte fill (cc) 

12.9 

15.0 

13.6 

12.3 

12.3 

12.3 

12.8 

12.3 

12.3 

Finished cell weight (g) 

154.4 

150.0 

150.5 

151.0 

150.0 

150.0 

156.4 

153.2 

154.0 

Starved negative capacity (Ah) 

6.45 

5.40 

5.66 

6.64 

6.18 

6.20 

8.39 

6.53 

6.40 

Starved positive capacity (Ah) 

4.41 

3.43 

3.65 

4.31 

4.43 

4.39 

4.59 

3.80 

3.95 

Negative power discharge (Ah) 

1.18 

1.13 

1.05 

1,28 

1.28 

1.09 

2.25 

1.60 

1 .60 

Measured negative precharge (Ah) 

0.98 

1.00 

0.40 

1.03 

0.68 

0.89 

1.35 

1.11 

0.91 

Negative to positive ratio 

1.46 

1.57 

1.55 

1.54 

1.40 

1.41 

1.83 

1.72 

1.62 

Discharged excess negative (Ah) 
(electrochemically available)* 

1.06 

0.97 

1.61 

1.30 

1.07 

0.92 

2.45 

1.62 

1.54 


*Starved negative capacity — starved positive capacity — measured precharge = discharged excess negative. 


• Welding areas on the cell terminal spade lugs are mechanically cleaned prior to 
saddle welding. 

• Pull tests are performed on saddle welds to verify weld penetration into the saddle. 

• Saddle welds are sectioned on a random basis and examined for fusion upon 
completion of all production runs. 

VENDOR ACCEPTANCE TEST RESULTS 

Vendor cell acceptance test results for cells from production Lots 1, 3, 5, 6, 7, 8, 10, and 
12 are summarized in Table 3-8. The vendor acceptance test procedures are included in 
Appendix H. 

Eagle richer cell acceptance tests for three temperature conditions show that cell capacity 
is more divergent at 35°C than for other test temperatures. At 35°C the typical capacity range 
was from 2.54 to 3.43 Ah. The data indicate that cell Lots 8, 10, and 12 had higher positive 
plate charge acceptance at elevated temperatures, compared with cell Lots 1, 5, 6, and 7. The 
cell capacity ranges for 0 and 24®C typically were 3.61 to 4.26 Ah, and 3.95 to 4.37 Ah, 
respectively. Cell Lots 5, 10, and 12 had relatively lower 0°C overcharge peak voltages, 
typically 1 .47 to 1 ,48 volts maximum. These lots also had generally higher levels of discharged 
excess negative capacity with the exception of Lot 8 which was excessively high due to high 
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Table 3-8. Flight Cell Acceptance Test Data 


Vendor Cell Parameter 

Lot 1 

Lot 3 

Lots 

Lot 6 

Lot 7 

Lots 

Lot 10 

Lot 12 

C/2 Conditioning Cycle 2 Capacity (Ah) 
24°C C/1 0 Charge for 24 Hours 

4.45 

3.56 

3.90 

4.09 

4.47 

4.55 

4.24 

4.07 

Peak Voltage (V) 
Peak Pressure 

1.43 

1.44 

; 1.43 

1.43 

.1.43 

1.44 

1.44 

1.44 

(10*^ N/mm^) 

41.4 

234 

103 

138 

68.9 

138 

117 

82.8 

(Ib/in^) 

(6) 

134) 

(15) 

(20) 

(10) 

(20) 

(17) 

(12) 

C/2 Capacity (Ah) 

35°C C/10 Charge for 20 Hours 

4.52 

3.60 

3.94 

4.02 

4.05 

4.36 

4.32 

4.33 

Peak Voltage (V) 
Peak Pressure 

1.38 

1.39 

1.38 

1.38 

1.38 

1.39 

1.39 

1.39 

{10*2 N/mm^) 

234 

386 

407 

462 

496 

483 

172 

172 

CM 

(34) 

(56) 

(59) 

(67) 

(72) 

(70) 

(25) 

(25) 

C/2 Capacity (Ah) 

0°C C/ 20 Charge for 48 hours 

2.83 

2.66 

2.60 

2.63 

2.54 

3.00 

3.37 

3.43 

Peak Voltage (V) 
Peak Pressure 

1.51 

1.51 

1.48 

1.50 

1.52 

1.51 

1.47 

1.47 

(10'^ N/mm^) 

103 1 

241 

138 

207 

103 

324 

228 

221 

(Ib/in^) 

(15) 1 

(35) 

(20) 

(30) 

(15) 

(47) 

(33) 

(32) 

C/2 Capacity (Ah) 

24°C C/10 Charge for 20 Hours 

3.98 i 

3.57 

3.81 

3.85 

4.26 

4.26 

3.77 

3.61 

Peak Voltage (V) 
Peak Pressure 

1.44 

1.45 

1.44 

1.45 

1.42 

1.43 

1.44 

1.43 

(10*^ N/mm^) 

159 

365 

152 

117 

96,5 

152 

200 

234 

(Ib/in^) 

(23) 

(53) 

(22) 

(17) 

(14) 

(22) 

(29) 

(34) 

C/2 Capacity (Ah) 

4.20 

3.55 

3.95 

4.01 

3.98 

4.37 

4.15 

4.15 
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Overcharge pressure at 0®C for Lot 8 cells was typically 351.6 x 10‘®N/mm^ (51 Ib/in^), 
while the other cell lots had pressure values ranging from 103.4 x 10'®N/mm^ (15 Ib/in^) 
to 241.3 X lO'^N/mm^ (35 Ib/in^). 

OTHER MANUFACTURING DATA 

Nonwoven nylon filament material (Pellon #2505 ML) used as the separator is supplied 
by the roll with traceability to the manufacturer’s style, lot number, and roll number. Individ- 
ual rolls consist of one continuous (unspliced) sheet which may be used for more than one 
cell manufacturing lot. Wetting agents or antistatic agents which cause foaming or are 
unstable in strong alkali are eliminated by extra washing in the separator manufacturing 
processes. Separator tests described in Appendix E and summarized in Table 3-9 include the 
following: 

• Electrolyte absorption, retention, and porosity 

• Tensile strength at break 

• Extractable organic content 

• Inorganic content 

• Discoloration of samples in electrolyte 

• Thickness variation 

• Separator resistance and resistivity 

• Separator wettability 

Results of the separator physical properties measurements indicate relatively wide varia- 
tion in values which may be attributed to test measurement error or manufacturing variables. 
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Table 3-9. SMS/GOES Battery Cell Separator Test Data 



Cell Manufacturing Lot Number 

1&3 

5&6 

7&8 

10& 12 

'Para. 20.1.4 Electrolyte Retained (gms) 

0.69 

1.00 

0.63 

0.56 

*Para, 20.1,4 Electrolyte Retained (%) 

129 

130 

75 

85 

*Para. 20.1.5 Porosity (%) 

71 

161 

223 

205 

*Para. 20.2.1 Tensile Strength at Break (lb) 

1 .8 

3.2 

4.1 

4.9 

*Para. 20.2.1 Elongation at Break (%) 

16 

10 

20 

23 

Ignition Residue of Pellon (%) 

0.68 

0.59 

0.17 

0.20 

Methanol Extraction of Pellon (%) 

1.84 

1.70 

0.51 

0.58 

Inorganic Extracted with H^O, expressed as % of Pellon 





Cl 

0.13 

0.21 

0.10 

0.18 

SI 

<0.02 

< 0.02 

< 0.02 

< 0.02 

Zn 

0.09 

0.20 

0.01 

0.01 

NO 3 

<0.02 

< 0.01 

< 0.01 

<0.01 

Ni 

<0.02 

<0.0005 

<0.0005 

< 0.0005 

Ti 

<0.02 

<0.0002 

< 0.0002 

< 0.0002 


*See Specification SP-2 12064, Appendix E 
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SECTION 4 

BATTERY DEVELOPMENT AND QUALIFICATION 


A primary objective of the battery development program at FACC was to verify that the 
selected battery c611 design would meet performance requirements described in Section 2. 
Battery cell development testing was conducted to verify vendor test results and to character- 
ize cell temperature/ capacity performance. FACC screening tests (included in Appendix I) 
were not performed on the Lot 1 cells used in assembly of the engineering and qualification 
test batteries. This section documents development cell test results and summarizes various 
battery assembly processes. Also included are results of the engineering and qualification 
battery tests. 

FACC 12-CELL CHARACTERIZATION TEST 

Development testing of the flight configuration battery cells included electrical perform- 
ance measurements of cell capacity at various temperatures and simulated synchronous orbit 
cycles at typical spacecraft operating temperatures. Three basic tests were performed on 12 
Lot 1 cells as follows: 

• Cell discharge capacity measurements 

• Accelerated 12-hour charge/discharge cycling 

• Low temperature overcharge voltage measurements 

A summary of the FACC Lot i development cell testing is included in Appendix J. The 
cells successfully completed capacity testing at 20, 0, and 35®C and were then subjected to 
an accelerated 33-cycle synchronous orbit test simulation consisting of a 10.8 hour charge at 
0.3 amp and a 1.2 hour discharge at 1.5 amps. All cells exceeded the minimum allowable 
voltage of 1.16 volts per cell at the end of each 1.2 hour discharge period. The cells were 
subsequently overcharged at 0.15 amp at 2®C. The average peak cell overcharge voltage for 
this test was 1.543 volts. Test results other than for the final 2®C overcharge test were 
considered acceptable. Table 4-1 provides a general summary of the 12-cell development 
programs. 

Upon completion of the 12-cell development program, the remaining Lot 1 cells were 
matched for use in the engineering and qualification batteries S/N 1001 and 1002 based on 
vendor 24®C capacity test results. The allowable range utilized was ±1.0 percent of the mean 
cell capacity, as shown in Table 4-2. 

Battery fabrication begins with selection of 20 cells in accordance with matching require- 
ments specified in the Battery Design Specification SD-2 12066 (included in Appendix A). 
The cells are degreased in fluid methylene chloride and rinsed in methyl alcohol. The cells 
are masked and painted with a flat black Chemglaze and then fitted with 0.076 mm mylar 
insulating jackets. Final assembly is accomplished as described in the following paragraph 
and the Battery Assembly Procedure SC-213772 (included in Appendix K). 


Table 4-1. 12-Cell Characterization Test Data Summary 


Test Description 

Test Data 

20° C 

C/10 charge for 48 hours 



Peak voltage (V) 

1.463 


C/2 minimum capacity (Ah) 

4,50 

20°C 

C/10 charge for 20 hours 



Peak voltage {V) 

1.465 


C/2 minimum capacity (Ah) 

4.20 

o°c 

C/20 charge for 47 hours 



Peak voltage (V) 

1.560 


C/2 minimum capacity (Ah) 

3.40 

35°C 

C/10 charge for 23 hours 



Peak voltage (V) * 

1.393 


C/2 minimum capacity (Ah) 

2.77 


Accelerated Synchronous Orbit Cycling 


20° 

Cycle 11 minimum voltage (V) 

1.221 

15°C 

Cycle 20 minimum voltage (V) 

1.217 

30°C 

Cycle 33 minimum voltage (V) 

1.190 

2°C 

Post cycling C/20 charge for 27 hours 



(following C/10 charge for 20 hours at 20°C) 



Peak voltage (V) 

1.582 


The cells, support T-ribs, endplates, and nut and bolt assemblies are prealigned in a battery 
assembly alignment fixture. Following tightening of the bolt assemblies to an endplate re- 
straining pressure of 0.66 N /mm^ (96 Ib/in^), safety wire is attached to the endplate and the 
battery placed into a mounting hole drilling fixture. After the mounting holes are drilled, 
epoxy base resin cell support blocks are epoxied in place on the T-ribs. The assembly is 
thermal vacuum dried at 32®C in a vacuum of 36 mm Hg. The battery is then painted with 
a flat black Chemglaze and a prewired connector is installed on the connector endplate. 

Intercell wiring is completed and final inspection performed. Documentation of the physical 
characteristics is completed and the battery placed in storage. Table 4-3 summarizes battery 
assembly documentation used by FACC for this development program. 

EI^GINEERING BATTERY DEVELOPMENT TESTS 

Two engineering batteries, S/N 1001 and 1002, were subjected to development testing in ' 
accordance with the Battery Assembly Development Test Procedure SC-225293. The basic 
test program is similar to the standard battery acceptance tests and consists of the following 
functional tests and inspections: 
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• Examination of product 

• Insulation resistance measurement 

• Electrolyte leakage inspection 

• Battery electrical reconditioning 

• Cell charge retention measurement 

• Battery capacity measurement at 
24, 33, and 2®C 

• Battery overcharge voltage mea- 
surement at 2®C 

• Electrolyte leakage inspection 

• Insulation resistance measurement 

Results of these tests are summarized in 
Table 4-4. 

A review of the data summary in Table 4-4 
shows that the engineering batteries success- 
fully completed the development test sequence. 

Following completion of the development tests, 
battery S/N 1002 was prepared for qualiHca- 
tion testing as summarized in the following 
pages. 

BATTERY QUALIFICATION TESTS 

The qualification battery S/N 1002 testing 
was conducted in accordance with the Battery 
Assembly Qualification Test Procedure SY- 
212789. The fundamental test program con- 
sisted of the following functional tests and in- 
spections: 

• Examination of product 

• Insulation resistance measurement 

• Electrolyte leakage inspection 

• Battery electrical reconditioning 

• Battery thermistor measurement 

• Battery capacity measurements at 20, 2, and 33®C 

• Random and sinusoidal vibration environments with discharge voltage measure- 
ments and visual damage inspection 

• Battery post-vibration capacity measurements at 20®C and insulation resistance 
measurement 

• Sustained acceleration environment with discharge voltage measurement and visual 
damage inspection 


Table 4-2. Engineering Battery Cell 
Capacity Matching Data (Battery S/N 
loot and 1002) 



'Spare cells 
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• Battery post-acceleration capacity 
measurement at 20®C and insula- 
tion resistance measurement 

• Thermal vacuum thermistor mea- 
surement and battery dischar- 
ge/charge voltage measurements at 
33, 20, and 2®C 

• Post-vacuum insulation resistance 
measurement 

• Battery discharge voltage pulse load 
measurement 

• Battery full charge voltage measure- 
ment at 30 and 10°C 

• Battery cell charge retention mea- 
surement 

• Electrolyte leakage inspection 

QUAUFICATION TEST RESULTS 

The battery successfully completed all ca- 
pacity temperature measurements at 20, 2, 
and 33 ®C, as shown in the Qualification Test 
Detailed Summary (included in Appendix L)> 
The discharge capacities were, respectively, 3. 
favorably with minimum allowable values of : 


Table 4-3. SMS/GOES Battery Assembly 
Documentation 


Title 

Document 

IMo. 

Cell Procurement Specification 

SP 212064 

Cell Statement of Work 

SW 21 2065 

Battery Assembly Drawings 

213827 

Battery Design Specification 

SD 212066 

Battery Design Review Report 

PCC-3763 

Battery Assembly Procedure 

SC 21 3772 

Battery Disassembly Procedure 

SV 225240 

Battery Development Test Procedure 

SC 225293 

Battery Qualification Test Procedure 

SY 212789 

Battery Cell Screening Procedure 

SC 213728 

Battery Acceptance T est Procedure 

SB 213716 

Development Report 

TR 5008 

Qualification Report 

TR 5026 

Design Review Report 

TR 5041 


84, 3.52, and 2.24 Ah. These values compare 
1.0, 2.25, and 1.5 Ah. 


The battery was subjected to random and sinusoidal vibration environments in accordance 
with Procedure SY-212789 and Table 4-5. Following the successful completion of vibration 
testing, the unit was inspected for visible damage and a 20®C capacity measurement made. 
The measured capacity was 3.59 Ah. Prior to sustained acceleration testing, the battery 
insulation resistance measurements were recorded. The minimum resistance value measured 
was 100 mfi . This value compares with a minimum allowable resistance of 10 mf2 . 


The battery was then subjected to a sustained acceleration environment. After completing 
five of the six axis orientation tests, a test equipment malfunction was encountered. The test 
harness connecting lead wires were inadvertently shorted momentarily, resulting in a burn on 
battery cell voltage sense lead wires for battery cells 1 and 4. Following replacement of the 
battery connector and associated wiring, the battery was given a 20®C capacity cycle. The 
capacity measurement resulted in a measured Capacity value of 3.54 Ah, which agreed well 
with the post-vibration measurement of 3.59 Ah, After completing the sustained acceleration 
test, the battery was inspected for visual damage and was subjected to a 20®C capacity 
measurement. The battery delivered 3.72 Ah, 


In preparation for thermal vacuum testing, the battery was mounted in a vacuum chamber 
with a thermally controllable baseplate. Three battery thermistor calibration measurements 
were made after temperature stabilization periods of 16.0 hours at 2, 33, and 20®C in a 
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Table 4-4. Results of Engineering Battery Development Test Program 



S/N 1001 

S/N 1002 

Requirement 

Examination of Product 
Workmanship 

Acceptable 

Acceptable 

MIL-STD454 

Construction 

Acceptable 

Acceptable 

SD-212066 

Interchangeability 

Acceptable 

Acceptable 

DWG 213827 

Weight 

3.41 kg 

3.42 kg 

3.59 kg max 

Insulation Resistance 

>100mri 

>100mn 

>100mfi 

•Electrolyte Leakage 

Colorless 

Colorless 

Colorless 

Reconditioning 

4.35 Ah 

4.63 Ah 

3.0 Ah 


4.20 Ah 

4.30 Ah 

3.0 Ah 

Charge Retention 

1.200 V 

1.207 V 

> 1.16 V 

C/2 Capacity +24°C 

4.00 Ah 

4.24 Ah 

3.0 Ah 

C/2 Capacity +33°C 

2.76 Ah 

2.70 Ah 

1.50 Ah 

C/2 Capacity +2°C 

3.33 Ah 

3.39 Ah 

2.25 Ah 

C/2 Capacity +24° C 

3.81 Ah 

3.86 Ah 

3.00 Ah 

C/20 Overcharge +2°C 

30.65 V/Bat 

30.66 V/Bat 



1.545 V/Cell 

1.540 V/Cell 

<1.55V/Gell 

Electrolyte Leakage 

Colorless 

Colorless 

Colorless 

insulation Resistance 

>100mS2 j 

>100m^2 

>100 mS2 


vacuum of < 1.0 x 10 ® torr. The battery was discharged at a 1.5 amp rate for one minute 
after each temperature stabilization and charged for 10 minutes (at a 0.15 amp rate at 2®C 
and 0.3 amp rate at 33 and 20®C). 

The post-thermal vacuum functional performance tests were initiated with the battery 
fully charged. The battery was discharged at a 1 .5 amp rate for 30 minutes and then subjected 
to two pulse load conditions, a 10.0 amp load for 5.0 minute period, followed by a 25.0 amp 
load for 10.0 seconds. The minimum battery and battery cell voltage for the 10.0 and 25.0 
amp loads were 21.48 volts (1.070 volts per cell), and 20.13 volts (1.012 volts per cell), 
respectively. 

The final functional test consisted of overcharge voltage measurements at 30 and 10®C. 
The fully charged battery was stabilized at each test temperature and then overcharged for 
a period of 4.0 ± 0.5 hours. The charge rate was 0.3 amp at 30®C and 0.2 amp at 10®C. The 
battery successfully passed these tests with a maximum battery voltage of 27.69 volts (1.392 
volts per cell) and 29.58 volts (1.490 volts per cell) for test temperatures at 30 and 10®G, 
respectively. 

ENGINEERING AND QUALIFICATION TEST RESULTS SUMMARY 

The battery assembly sucessfuily passed qualification level vibration and acceleration 
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Table 4-5. SMS/GOES Battery Qualification Sinusoidal Vibration 


Descriptidn 


Components on Equipment 
Panel (XX, YY) 


Components on Equipment 
Panel (ZZ) 


Test Sweep 
(Oct/Min) 


Design Sweep 
(Oct/Min) 



Frequency 
Range (Hz) 


5-10 

10-20 

20-25 

25-40 

40-100 

100-200 

200-2000 


Level 'V' 
(0 to Peak) 


0,5'' DA 
10.0 

4.0 

8.0 

4.0 

2.0 
5.0 


environments, establishing the integrity of the structural components and verifying the ana- 
lytical design margins. 

The measured maximum temperature gradients within the battery during thermal vacuum 
temperature performance tests was 1.6®C at 30®C and 1.7®C at 10®C. These values compare 
favorably with the expected temperature gradient of 2.0®C for these test conditions. 

Discharge capacity performance for both the engineering and qualification batteries was 
excellent over the test temperature range of 2 to 33®C. Maximum battery cell charge voltage 
for the final low temperature 2®G overcharge test was 1.545 volts during development tests. 
This value was somewhat higher than desired but within the specified limit. Based upon 
development and qualification test data, the battery cell and battery assembly designs were 
finalized for flight hardware production. 
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SECTIONS 

FLIGHT BATTERY FABRICATION, ASSEMBLY, AND TEST 


Specifications and manufacturing processes used in the testing of the battery cells and the 
production of batteries are documented in this section. Results of cell characterization testing 
per the battery cell screeriing procedure are summarized. Also summarized are the FACC 
battery acceptance test results. Investigation of possible correlation between these data and 
manufacturing process variations is evaluated as a part of the mission performance analysis 
described in Section 6. 

SUMMARY OF THE BATTERY MANUFACTURING FLOW 

Cells are subjected to screening tests following procurement in accordance with the Pro- 
curement Specification SP-21 2064 (included in Appendix E). Battery assemblies are fabri- 
cated with selected cells and then battery acceptance tests are performed. The batteries are 
then placed in storage at a temperature between 0 and 5°C in the fully discharged shorted 
condition. Prelaunch activation is performed prior to delivery of batteries for spacecraft 
integration. The battery manufacturing and test flow is shown in Figure 5-1. 


(RECEIVE CELLS) 



(TO SATELLITE) 


Figure 5- 1. SMS/GOES Battery Manufacturing and Test Flow 


LABORATORY TEST AND FABRICATION EQUIPMENT 

Battery cell and battery assembly tests are performed with a standard equipment configur- 
ation utilized for flight hardware evaluation, as depicted in the test setup diagram shown in 
Figure 5-2. The Bench Test Equipment (BTE) can automatically cycle the battery cells or 
battery assemblies, as required. The system provides a constant current charge/ discharge 
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Figure 5-2. Battery Cell and Battery Test Setup 
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circuit with an automatic cell and battery undervoltage trip-out circuit. Test parameters such 
as voltage, current, and temperature are recorded on digital recorder printout tape for transfer 
to a magnetic tape or punch cards. 

The BTE has two test control units and a data recorder bank, as illustrated in Figure 5-3. 
Batteries or cells are electrically tested at specified temperatures with environmental cham- 
bers and large heat sinks. 

Battery cell evaluation begins with cell restrainer installation on the equipment mounting 
panel. Electrical access to the cells is provided with hardwire connection to the equipment 
panel plug. Following cell screening tests, a group of cells is selected for processing and battery 
assembly. Battery assembly is conducted in a low dust environment provided by a positive flow 
bench. 

BATTERY CELL SCREENING TESTS 

The Battery Cell Screening Procedure SC-213782 is included in Appendix I. The principal 
steps included in this test sequence are: 

• Examination of product 

• Electrolyte leakage 

• Electrical reconditioning 

• Charge retention 

• Capacity cycles (burn-in) 

• Capacity, 20°C 

• Capacity, 2°C 

• Capacity, 33°C 

• Pulse load 

• Electrolyte leakage 

Cell screening is performed to characterize and stabilize cell performance. Cell perform- 
ance variation is minimized in the battery assembly by carefully selecting cells with similar 
capacity and peak charge voltage characteristics. Battery cells for the first three flight 
batteries S/N 1005, 1006, and 1007 were subjected to capacity temperature tests and then 
burn-in cycled. Because these cells later exhibited divergent charge voltages, this procedure 
was reversed to improve battery assembly cell voltage matching prior to unit fabrication. 
Table 5-1 summarizes the plan utilized for flight cell testing at FACC. 

SCREENING TEST RESULTS 

Cell performance test results for 13 SMS/GOES batteries are summarized in Table 5-2 
and Figure 5-4. Low-temperature (2°C) capacity test overcharge voltage performance for 
GOES-B Lot 10 battery cells (S/N 1013, 1014, 1015) was generally superior to all other 
groups, with a mean peak voltage of 1.511 volts. SMS-A Lot 5 battery cells (S/N 1007) also 
exhibited a low mean peak voltage of 1.508 volts. 

GOES-C Lot 12 battery cells (S/N 1020 and 1021) also exhibited good low temperature 
peak voltage characteristics with a typical 1.513 volts. Other groups of cells had slightly 
higher charge voltages for the same test, ranging from 1.522 volts to 1.545 volts. Excluding 
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Figure 5-3. Battery Electrical Testing Facilities 







Lot 8 battery cells (S/N 1010, 101 1, 1012), cells with increased overcharge protection in the 
form of discharged excess negative generally exhibited improved low temperature maximum 
charge voltages, as shown in Table 5-3. It appears that high negative plate loading (16.0 
g/dm^) for Lot 8 cells caused poor active material utilization and decreased overcharge 
protection. 

CELL SELECTION FOR BATTERY FABRICATION 

The SMS/GOES battery assembly capacity matching performance requirements are 
defined in Table 5-4. Other selection criteria which are also considered in selection of a group 
of cells for fabrication of a battery are cell manufacturing lot and physical properties, such 
as cell thiclcness and weight. 

Table 5-5 identifies the SMS/GOES batteries by serial number, ceU manufacturing lot, 
and designated spacecraft use. A completed battery assembly is shown in Figure 5-5. 

FLIGHT BATTERY ACCEPTANCE TESTING 

Following fabrication, each flight battery assembly was acceptance tested in accordance 
with the Battery Assembly Acceptance Test Procedure SB-213716 (included in Appendix 
M). The test matrix for acceptance testing of the batteries is shown in Table 5-6. This test 
sequence includes the following basic tests and inspections: 

• Examination of product 

• Functional performance 
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Table 5-2. SMS/GOES Battery Cell Screening Test Data 


Battery 

LT Capacity Test 

HT Capacity Test 

BT Cycle Test 

RT Capacity Test 

Pulse Load 

S/N 

Co» 

<Mfg Lot) 

Peak 

Voltage (a) 

Capacity 

Peak 

Voltage 

Capacity 

Peak 

Voltage 

Capacity 

Peak 

Voltage 

Capacity 

Min 

Voltage 


1.515 

3.63 

1,398 

3.25 

1.417 

3.90 

1.473 

4,13 

1.134 

1005 

1.527 

3.77 

1.410 

3,58 

1.427 

4.07 

1.485 

4.17 

1.150 

(6) 

. 1,545 

3.99 

1.424 

3.93 

1.439 

4.25 

1 .510 

4.22 

1,169 


1 ,502 

3,41 

1.398 

3.24 

1.413 

3.78 

1,470 

4.01 

1.124 

1006 

1.522 

3.66 

1.409 

3.51 

1.421 

3,97 

1.488 

4.09 

1,138 

(6) 

1.545 

3.90 

1.424 

3.78 

1.435 

4.34 

1.497 

4.13 

1.171 


1.500 

3,62 

1.394 

3,08 

1.427 

3,95 

1.466 

4.09 

1.127 

1007 

1.508 

3,82 

1.402 

3.44 

1.431 

4.04 

1,479 

4.17 

1.140 

I5I 

1.520 

3.90 

1.410 

3.66 

1.436 

4.07 

1,496 

4,23 

1.164 


1.534 

4.17 

1.385 

2.48 

1.425 

3.51 

1.462 

4.16 

1.150 

1008 

1.540 

4.28 

1.389 

2.65 

1,420 

3.62 

1.476 

4.28 

1.162 

(7) 

1.545 

4,35 

1.394 

2.88 

1,426 

3.72 

1.487 

4.35 

1.178 


1.531 

4,07 

1.381 

2.39 

1.414 

3.30 

1,463 

4.08 

1.136 

1009 

1.545 

4.26 

1.389 

2.67 

1.419 

3.53 

1.485 

4.25 

1.152 

(7) 

1.558 

4.46 

1.397 

2.87 

1.423 

3.71 

1.499 

4,34 

1.177 


1.517 

3.90 

1.398 

3.03 

1.427 

3.99 

1.454 

4.31 

1,161 

1010 

1.524 

4.02 

1.404 

3.43 

1.435 

4.17 

1.464 

4.37 

1,169 

(8) 

1.531 

4.19 

1.409 

3.74 

1.441 

4.32 

1.478 

4.44 

1,175 


1.520 

3,96 

1.394 

3.09 

1,435 

3,96 

1.460 

4.32 

1.163 

1011 

1.525 

4,14 

1.398 

3.35 

1.438 

4.18 

1.469 

4.39 

1.170 

(8) 

1.533 

4.32 

1.403 

3.63 

1.441 

4.31 

1.475 

4.44 

1.176 


1.520 

4.10 

1.395 

3.26 

1.436 

4.05 

1.460 

4,34 

1.162 

1012 

1.527 

4.23 

1.399 

3.43 

1.439 

4.25 

1.468 

4.39 

1.173 

(8) 

1.534 

4.43 

1.403 

3,63 

1,441 

4.34 

1.477 

4.46 

1.182 


1,512 

3.74 

T.412 

3.59 

1.430 

4.11 

1.470 

4.19 

1.143 

1013 

1.519 

3.96 

1.421 

3,75 

1.436 

4.22 

1.476 

4.25 

1.150 

(10) 

^.526 

4.10 

1.431 

3.89 

1.439 

4.25 

1.480 

4.34 

1,157 


1.498 

3.71 

1.420 

3.75 

1 .430 

4.04 

1.464 

4.13 

1.129 

1014 

1 .507 

3.85 

1.435 

3.96 

1.437 

4.14 

1.470 

4.19 

1,143 

(10) 

1.516 

3.96 

1.445 

4.05 

1.442 

4.23 

1.478 

4.23 

1,157 


1.500 

3.80 

1.421 

3.84 

1.431 

4,11 

1.467 

4.20 

1,134 

1015 

1,508 

3.90 

1.435 

3.97 

1.438 

4.17 

1 .472 

4.24 

1.146 

(10) 

1.515 

4.08 

1.446 

4.08 

1.441 

4,26 

1.477 

4,32 

1.160 


1.501 

3,80 

1.417 

3.68 

1,431 

4.02 

1.470 

4.17 

1.127 

1020 

1.512 

3.91 

1 .435 

3,95 

1.440 

4.16 

1,479 

4.21 

‘ 1.137 

(12) 

1.525 

4.00 

1 .446 

4.10 

1.452 

4.23 

1.483 

4.26 

1,147 


1.505 

3.80 

1.414 

3.68 

1,430 

4.07 

1.472 

4.10 

1.129 

1021 

1.513 

3 .90 

1.431 

3.93 

1.440 

4.17 

1.479 

4.15 

1.138 

(12) 

1.523 

3,99 

1,445 

4.13 

1.452 

4.23 

1.484 

4.17 

U50 


(a) The three values in each column arc minimum, mean, maximum. 
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Figure 5-4. SMS/GOES Battery Cell Capacity vs Temperature 


• Vibration 

• Post-vibration performance 

• Thermal vacuum 

• Post-thermal vacuum performance 

The key functional performance tests include three capacity measurements: 20, 2, and 
33°C. The final performance testing encompasses a 20°C capacity measurement, pulse load, 
thermistor measurement, cell charge retention, assembly insulation resistance, and cell elec- 
trolyte leakage inspection. 

Battery acceptance test results are summarized in Table 5-7. Figures 5-4 and 5-6 show 
improved high temperature capacity characteristics for the GOES batteries relative to the 
SMS batteries. In general, the battery cell manufacturing lots have similar low temperature 
capacities. 

Acceptance Test Voltage Performance 

Maximum battery charge voltages recorded during low temperature (2°C) battery capaci- 
ty tests are summarized in Table 5-8. The battery charge voltage characteristics are plotted 
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by cell manufacturing lot number in Figures 
5-7 and 5-8 against charge current and excess 
negative capacity. Review of that data shows 
a possible relationship between battery charge 
voltage with increased levels of discharged ex- 
cess negative capacity (except for Lot 8 cells). 
Cell Lots 5, 10, and 12 have somewhat higher 
excess negative capacities based upon data 
summarized in Table 5-3 and plotted in Figure 
5-8. It is thought that reduced negative plate 
utilization is the reason for higher maximum 
charge voltage characteristics in cell Lot 8. 


Table 5-3. SMS/GOES Maximum Battery 
Cell Voltage Data 


Cell 

Mfg 

Lot 

Discharged Excess 
Negative Electrochemicatly 
Available 

Cell Max Voltage 
2°C 

Screening Tests 

5 

1.30 Ah 

1.508 V 

6 

1.07 Ah 

1.524 V 

7 

0.92 Ah 

1.542 V 

8* 

2.45 Ah 

1.525V 

10 

1.62 Ah 

1.511 V 

12 

1.54 Ah 

1.514 V 


u;~u *Lot 8 cells contained increased positive and 

Some initially high cell charging voltages negative electrode active material loadings. 

were observed following shorted cell storage 

periods during Lot 7 and 8 cell screening tests. 

Initial cell charging voltages ranged from 1.4 

to 1 .6 volts for a 0. 1 5 amp charge rate at room 

ambient conditions. The high cell voltages decreased with increased charge time and cycling. 
Similar anomalous performance was also observed during battery acceptance and activation 
tests following 1-ohm loading periods on individual cells. Conditions associated with this 
anomaly were considered unique to ground testing procedures. Orbital performance of batter- 
ies S/N 1008, 1011, and 1012 having Lot 7 and 8 cells has been similar to other cell lots which 
did not exhibit this characteristic. It is felt that the initially high cell charging voltages are 
the result of an electrolyte distribution problem within the cell. Shorted storage and/or 1-ohm 
loading periods may cause a redistribution of electrolyte from the cell separator material into 
the positive electrodes. High internal cell resistance is then encountered when charging is 
initiated. This resistance decreases as electrolyte is again redistributed during charging, and 
a resultant decrease in cell charging voltage is observed. It has not been verified why this 
phenomena is unique to the Lot 7 and 8 cells; however, it may be related to separator dry out 


Table 5-4. SMS/QOES Battery Assembly Capacity Performance Requirements 


Temp 

(°C) 

Discharge 

Current 

(A) 

Discharge 

Time 

(hours) 

Min 

Voltage 

(V) 

Min Req'd % 
Rated Cap 
100%=3(Ah) 

Max Allowable 
Cell Capacity 
Difference (Ah) 

24 ±2 

1.5 

2.0 ‘ 


100 

0.15 

2±2 

1.5 

1.5 


75 

0.30 

33 ±2 

1.5 

1.0 


50 

0.50 

5 to 30 

1.5 

1.7 


85 

0.25 
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due to increased cell core thickness of approximately 1 mm compared with other cell lots (as 
noted in Table 3-7). Plate capillary potential tends to cause electrotyte to be selectively 
retained in the plates, particularly for a condition where the volume of electrolyte is reduced 
in a fully discharged cell. 

BATTERY STORAGE AND ACTIVATION FOR LAUNCH 

The SMS/GOES batteries are stored prior to satellite installation in a fully discharged, 
shorted condition at a low temperature, approximately 0 to 5°C in a dry environment. When 
required, a battery is removed from storage and electrically activated for use in accordance 
with Battery Assembly Activation Test Procedure SC-227084. This procedure establishes 
performance requirements for the activation tests and includes the following inspections, 
measurements, and test conditions: 


• Examination of product Table 5-5. SMS/GOES Battery Spacecraft 

• Functional performance Assignments 

• Insulation resistance 

• Reconditioning 

• Capacity, 20°C 

• Charge retention 

• Electrolyte leakage 

Although results of activation tests are lim- 
ited in population, it is felt that a potential 
relationship between increased charge voltage 
and extended periods of storage, coupled with 
marginal overcharge capability, may exist for 
the specific test conditions cited above. Battery 
S/N 1005 was stored for 24 months and was 
assembled from Lot 6 cells having reduced dis- 
charged excess negative capacity (1.07 Ah) 
compared with Lots 5, 8, 10, and 12. It exhib- 
ited a maximum charge voltage of 29.92 volts during the second activation test reconditioning 
charge. Battery S/N 1011 was stored for just 4 months and had a reduced charge voltage 
of 29.06 volts, as shown in Table 5-9. The other batteries storage periods and maximum 
charge voltages were generally within these extremes. 

Cell manufacturing Lots 10 and 12 (battery S/N 1013, 1014, 1015, 1020, 1021) were not 
stored for a significant period of time and, therefore, a storage/charge voltage relationship 
is not apparent for these cell lots. Although the observed battery storage data may be helpful 
in future study of this subject, the effect of long-term storage and methods of storage on 
battery life and performance has not been fully investigated at this time. 


Battery S/N 

Cell Mfg Lot 

Spacecraft Designation 

1005 

6 

GOES-A 

1006 

6 

SMS-A 

1007 

5 

SMS-A 

1 008 

7 

SMS-B 

1009 

7 

Spare 

1010 

8 

Spare 

1011 

8 

SMS-B 

1012 

8 

GOES-A 

1013 

10 

Spare 

1014 

10 

GOES-B 

1015 

io 

GOES-B 

1020 

12 

GOES-G 

1021 

12 

GOES-C 
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Table 5-6. Battery Assembly Acceptance Test Matrix 



Performance 

Parameters 

Examination of product 

Functional performance I 

Vibration - sinusoidal I 

Vibration - random I 

Post vibration performance 

Thermal vacuum 

Post thermal vacuum | 


Thermistor performance 


X 




X 

X 

Charge retention 







X 

Pulse load 







X 

Thermal vacuum 






X 


Temperature performance 






X 


Full charge voltage 





X 



Visual inspection for damage 



X 

X 


X 


Discharge voltage stability 



X 

X 




Vibration, random 




X 




Vibration, sinusoidal 



X 





Electrolyte leakage 


X 





X 

High temperature capacity 


X 






Low temperature capacity 


X 






Capacity 


X 



X 


X 

Reconditioning 


X 






Insulation resistance 


X 



X 


X 

Identification 

X 







Dimension 

X 







Weight 

X 







Interchangeability 

X 







Construction 

X 







Workmanship 

X 
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Table 5-7. SMS/GOES Test Data 


TEST/PARAGRAPH 

REQUIREMENT 

DATA 1005 

DATA 1006 

DATA 1007 

DATA 1008 

DATA 1009 

DATA 1010 

Examination of Product/ 


OK 






Workmanship/3 . 1 . 6 
Gonstruction/3 . 7 
Interchangeability 3,1.4 
Weight/3. 1,1 
Dimension/3,1 

MIL-STD-454 Reqt . 9 
SD-212066 
Dwg 213827 
7.9 lbs 

Dwgs 213827 & 211103 

OK 

OK 

OK 

7.44 lbs 
OK 

OK 

OK 

OK 

7.41 lbs 
OK 

OK 1 

OK 

OK 

7.42 lbs 
OK 

OK 

OK 

OK 

7.35 lbs 
OK 

OK 

OK 

OK 

7.36 lbs 
OK 

OK 

OK 

OK 

7.64 lbs 
OK 

Functional Performance/4.5.2 
Insulation Resistance/ 

4. 5.2.1 

Recondi tioni ng/4 . 5 . 2 , 2 
Capacity/4.5.2,3 
Low Temp Capaci t y/4 .5.2.5 
High Temp Capacity/4. 5.2 . 5 
Thermistor Performance/ 

4. 5. 2. 6 - ±2% of cali- 
bration curve value 
Electrolyte Leakage/4 . 5 . 2 . 7 

10 Mohms 

at +100V (+10/ -0) 
3.0 AH 
3.0 AH 
2.25 AH 
1.50 AH 
+2% @ +33°C 
+20°C 
+2®C 

Colorless 

10^ M 
4.20 AH 
4.04 AH 
3.34 AH 
3.12 AH 
11020 
17755 
39500 
Colorless 

10^ M 
4.15 AH 
3.96 AH 
3,39 AH 
3.04 AH 
11,000 
17,650 
38,800 
Colorless 

10^ M 
3.82 AH 

4.00 ah 

3.77 ah 

3.30 AH 

10925 

16895 

39110 

Colorless 

lO^M 
3.32. AH 
3.95 AH 
3.77 AH 
2.81 AH 
11001 
17700 
40160 
Colorless 

10^ M 

3.26 AH 
3.84 AH 
3.81 AH 
2.55 AH 
11100 
17870 
41280 
Colorless 

10^ M 
3.66 AH 
4.28 AH 
3.-79 AH 
3 .45 AH 
. 11104 

18291 
40241 
Colorless 

Vibration/4 . 5 . 3 
Discharge Voltage 
Stability/4,5.3.2 
Visual Inspection/4,5.3,3 

+0.25V/min 
No evidence 

0.13 V/min 
No evidence 

0,16 V/rain 
No Evidence 

0.14 V/min 
No evidence 

0.13 v/min 
No evidence 

0.16 v/min 
No evidence 

0.20 V/min 
No Evidence 

Post Vibration/4.5.4 
Capaci ty/4 , 5 . 4 ,.l 
Full Charge Voltage/ ' 

3.0 AH 

30°C, 29.6V/Battery 
1.48V/Cell 

10°C, 30.8V/Battery 
1.54/Cell 

3.94 AH 

28.53 V/Batt 
1.44 V/Cell 
30.12 V/Batt 
1.534 V/Cell 

3.87 AH 

28.48V/Batt. 
1.43 V/Cell 
29 .95V/Batt . 
1.52 V/Cell 

3.86 AH 

28.33V/Batt 
1.43 V/Cell 
30.4 V/Batt 
1.546V/Cell 

3.32. AH 

28.26 V/Batt 
1.422 V/Cell 
29.49 V/Batt 
1.496 V/Cell 

3.84 AH 
28,24 -V/Batt 
1.420 V/Cell 
29.31 V/Batt 
1.480 V/Cell 

3.90 AH 
28.24 V/Batt. 

1.420 V/Cell 
28.97 V/Batt. 
1,463 V/Cell 

Insulation Resistance/ 

4. 5.4.3 

10 Mohms at 
+100V 

10^ M 

10*^ M 

10^ M 

10^ M 

iq2 m 

10^ M 

Thermal Vacuum/4.5.5 

Temperature Performance/ 
4. 5. 5.1 

Thermistor Performance/ 
4. 5. 5.2 

Visual lnspection/4,'5. 5.3 

24.0V @ +33°C 
24.0V @+20°C 
24.0V @ +2^C 
+2% of Calibration 
curve value. 

No evidence 

26.02 V 
25.29 V 
26.32 V 
330 c 10546 

20^0 18550 

20 c 44830 

No evidence 

26.00 V 
25.26 V 
26.30 V 
33°C 10733 
20°C 18680 
2°C 42940 

No evidence 

25.93 V 
25.21 V 
26.30 V 
33°C 10860 
20®C 18460 
2°C 40700 

No evidence 

25.67 V 
25.43 V 
25.58 V 
33°C 10646 
20°C 17397 
2°C 41430 

No evidence 

25.65 V 
25.39 V 
25.60 V 
33°C 10575 
20°C 17472 
2°C 41486 
No evidence 

25.67 V 
25.48 V 
26.00 V 
33°c 11254 
20°C 17850 
2°C 43430 

No evidence 

Post ThermalTyacuum/4,‘5. 6 
Capacity 

Pulse Load/4. 5.6.2 

Thermistor performance/ 

4.5. 6.3 

3.0 AH 
18.5 V/Batt. 

0.7V/ Cell 
Max, 

Min. 

+ 2% of Calibration 
curve value 

3.69 AH 
22.44 V 

N/A 

1 .106 V 

330 c 11120 

20°C 18015 
2°C 39600 

3.64 AH 
22.22 V 

N/A 

1.116V 
330 C 11032 
20^C 17845 
2‘^C 39400 

3.96 AH 
22.60 V 

1.164 V 
1.106 V 
33°C 10880 
20°C 17419 
2°C 39975 

3.75 AH 
22,53 V 

1.161 V 
1,110 V 
33°C 10602 
20°C 18404 
2°C 39690 

3.66 AH 
22.27 V 

1.164 V 
1.086 V 
33°C 10965 
20®C 18800 
2°C 40430 

4.02 AH 

23.02 V 

1.185 V 
1.141 V 
33°C 10908 
20°C 17010 
2°C 40897 

Charge Retention/4. 5.6.4 

Insulation Resistance/4 .5.6. 
Electrolyte Leakage/4.5.6.6 

1.16V/Cell 

Max 

Min 

.5 lOM @ +100V 

Colorless 

1.197 V 
0.952 V 
103 M 
Colorless 

1.231 V 
0.94QV 
10^ V 
Colorless 

1.206 V 
1.166 V 
10*^ M 
Colorless 

1.241 V 
1.230 V 

102 M 

Colorless 

1.238 V 
1.216 V 
lO^M 

Colorless 

1.288 V 
1.213 V 
10 M 
Colorless 
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Table 5-7. SMS/GOES Test Data (Continued) 


TEST/PARAGRAPH 

REQUIREMENT 

DATA 1021 

Examination of Product/ 



4.5.1 

Workmans h ip/3 . 1 . 6 

MIL-STD-454 Reqt. 9 

S/0 329 

Construction/3 . 1 . 7 

SD-212066 

S/0 329 

Interchangeability /3 . 1 . 4 

Dwg 213827 

S/0 329 

Weight/3.1.1 

7.9 lbs 

7.53 lbs 

Dimension/3.1 

Dwgs 213827 8t211103 

S/0 329 

Functional Performance/4.5.2 



Insulation Resistance/ 

10 Mohms 


4 4. 5.2.1 

at -i-lOOV (-1-10, -0) 

100 M 

Reconditioning/4 .5.2.2 

3.0 AH 

4.08 AH 

Capacity/r. 5.2.3 

3.0 AH 

4.11 AH 

Low Temp Capacity/4.5.2.4 

2.25 AH 

3.75 AH 

High Temp Gapacity/4.5.2.5 

1.50 AH _ 

4.20 AH 

Thermistor Performande/ 

-h2% @ -h33°C 

11635 

4. 5.2. 6 - -t-2% of call- 

+20°C 

-f2®C 

18161 

bration curve value. 

41210 

Electrolyte Leakage/4.5.2.7 

Colorless 

Colorless 

Vibration/4.5.3 



Discharge Voltage 

-h0.25V/min 

0.04 V/min 

Stability/4. 5.3 ,2 



Visual Inspection/4.5.3.3 

No evidence 

No evidence 

Post Vibration/4.5.4 



Capacity/4. 5.4.1 

3.0 AH 

30 C, 29.6V/Battery 

4.08 AH 

Full Charge Voltage/ 

28.92V/Batt. 

4. 5.4.2 

1.48V/Celi 

1.456V/Cell 


10°C, 30 . 8V/Battery 

30.55V/Batt 

Insulation Resistance/ 

4. 5.4.3 

1. MV/Cell 
10 Mohms @ -1-100 

1.537V/Cell 
102 ^ 

Thermal vacuum/ 4. 5. 5 



Temperature Performance/ 

24.0V @ +33^C 

25.92 V 

4. 5. 5.1 

24.0V @ +20°C 
24.0V @ -f-2°C 

25.52 V 
25.90 V 

Thermistor Performance/ 

+2% of Calibration 

33°C 11838 

4. 5. 5.2 

curve value 

20®C 17118 
2°C 38490 

Visual lnspection/4.5.5.3 

No evidence 

No evidence 

post Thermal- Vacuum/4 . 5 . 6 



Capacity/4.5.6.1 

3.0 AH 

4.04 AH 

Pulse Load/4.5.6.2 

18,5V/Batt 

O.TV/Cell 

22.39 V 


Max 

1.141V 


Min 

1.098 V 

Thermistor Perforraance/4. 

±2% of Calibration 

33^C 11684 

4. 5.6.3 

curve value 

20°C 18165 
2^C 38664 

Charge Retention/4.5.6.4 

1.16V/Cell 



Max 

1.217 V 


Min 

1.202 V 
10^ M 

Insulation Resistance/4.5.6, 

.5 lOM @ -i-lOOV 

Electrolyte Leakage/4.5.6.6 

Colorless 

Colorless 


O Average capacity of GOES B&C flight batteries 1013, 
1014, 1015, 1020 and 1021 


^ Average capacity of SMS flight batteries 1005 through 1012 


Temperature ( C) 

Figure 5-6. SMS/GOES Battery Capacity vs Temperature 

Table 5-8. SMS/GOES Maximum Battery Charge Voltage Characteristics During Low Temperature 

Battery Capacity Tests 


Cell 

Mfg 

Lot 

Battery S/N 

Charge Current (mA|^ 

Maximum 
Battery Voltage {V) 

Maximum 
Cell Voltage (VI 

6 

1005 

128 

31.06 

1.574 

6 

1006 

131 

30.91 

1.579 

5 

1007 

150 

30.64 

1.550 

7 

1008 

141 

30,82 

1.563 

7 

1009 

140 

30.90 

1.567 

8 

1010 

131 

30.89 

1.573 

8 

1011 

150 

30.85 

1.577 

8 

1012 

150 

30.99 

1.561 

10 

1013 

132 

30.83 

1.554 

10 

1014 

150 

30.76 

1.559 

10 

1015 

150 

30.66 

1.553 

12 

1020 

150 

30.78 

1.548 

12 

1021 

141 

30.77 

1.560 


^Charge current limited by charging power supply source to allow a maxima rn voltage of 
31.0 volts, nominal, at the battery terminals. 
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BATTERY CHARGE CURRENT (A) 



Figure S-7. Battery Charge Voltage vs . 
Current (Average Data Shown for 
Indicated Cell Manufacturing Lots) 



30.6 30.7 30.8 30.9 31.0 

BATTERY CHARGE VOLTAGE (VOLTS) 

Figure 5-8. Battery Charge Voltage vs 
Excess Negatives (Average Data Shown 
for Indicated Cell Manufacturing Lots) 


Table 5-9. SMS/GOES Battery Activation Test Results After Storage 


BATTERY 

S/N 

A/T 

DATE 

ACTIVATION 

DATE 

STORAGE 

PERIOD 

(MO) 

CAPACITY 

(Ah) 

PEAK 

VOLTAGE 

(V) 



8/75 

24 

4.04 

29.92 



4/74 

8 

4.08 

29.54 

■H 

9/73 

4/74 

7 

4.05 

29.50 

1008 

2/74 

12/74 

10 

3.81 

29,42 

1009 

2/74 

8/75 

18 

4.25 

29.42 

1010 

8/74 

8/75 

12 

4.20 

29.45 

1011 

8/74 

12/74 

4 

4.07 

29.06 

1012 

8/74 

8/75 

12 

4.29 

29.46 

1013 

2/76 

3/77 

13 

4.13 

29.87 

1014 

2/76 

3/77 

13 

4.14 

29.80 

1015 

2/76 

3/77 

13 

4.14 

29.87 

1020 

2/77 

N/A* 

H/A* 

WA* 

WA* 

1021 

2/77 

4/77 

2 

4.19 

29.61 


*Not activated 
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SECTION 6 

ORBITAL MISSION PERFORMANCE AND LIFE TEST 


FLIGHT BATTERY DATA SUMMARY 

Flight battery equinox season data are presented for the SMS-A and SMS-B satellites, 
launched on 17 May 1974 and 16 February 1975, respectively, and for GOES-A, launched 
on 16 October 1975. Data were not available for GOES-B, launched on 16 June 1977. 
GOES-C is scheduled to be launched in 1978. 

Battery Operation 

SMS/GOES batteries have a 5-year mission life based on a maximum 60 percent depth 
of discharge (DOD) at equinox. Battery charging is normally performed at the intermediate 
(2/3) rate during equinox operation and (1/3) rate during solstice periods. The maximum 
thermal design limit of 28®C has been met on all satellites for battery overcharge periods. 
Minimum battery temperatures ranging from -1 to +2®C have occurred immediately follow- 
ing eclipse emergence, prior to entering overcharge. These temperatures compare closely with 
thermal predictions of Figure 2-5. Data obtained from the National Oceanographic and 
Atmospheric Administration (NOAA) for battery operation during eclipse for SMS-A, 
SMS-B and GGES-A through autumnal equinox 1976 are summarized in Figures 6-1 
through 6-5. 

SMS-A Batteries 

Batteries on this satellite have completed seven equinox seasons since launch on 17 May 
1974. SMS-A operational load requirements have resulted in a typical 55 percent battery 
DOD each day throughout the eclipse season, rather than being proportioned to the eclipse 
period profile, as shown in Figure 2-2. Battery power has been required during sunlight 
operation periods. Battery overcharge voltage values specified for this satellites were imple- 
mented for the intermediate (2/3) charge rate during equinox operation, as follows: 

• 30.2 volts maximum for battery temperatures from 0 to 10®C 

• 30.0 volts maximum for battery temperatures from 10 to 20®C 

• 29.6 volts maximum for battery temperatures from 20 to 30®C 

These limits were later modified for the convenience of ground control operators and the 
30.0 volt limit for the 10 to 20®C range was increased to 30.2 volts for periods less than 30 
minutes above 30.0 volts. Figures N-1 through N-6 (Appendix N) provided by NOAA show 
daily maximum and minimum battery voltage and temperature trends through the first four 
equinox and solstice periods. 

SMS-B Batteries 

Satellite power management has resulted in a typical 45 percent maximum battery DOD 
at equinox since launch on 16 February 1975. Additional satellite load requirements during 
solstice season have resulted in loads ranging from 1 to 38 percent DOD. Figures N-7 through 
N-10 (Appendix N) provided by NOAA show effects of this operation on daily maximum 
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BATTERY SYSTEM VOLTAGE 



6 14 22 30 38 


ELAPSED DAYS 

Figure 6-1. SMS/GOES Orbital Eclipse Season 1, Minimum Battery Discharge Voltage 
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AVERAGE CELL VOLTAGE 



NOTE; 24 HOUR, SYNCHRONOUS ORBIT 
0-29° ECLIPSE TEMPERATURE 
SMS-A (BATTERIES S/N 1006 & 1007) 
SMS-B (BATTERIES S/N 1008 & 1011) 
GOES-A (BATTERIES S/N 1005 & 1012) 
+ NAD CRANE SMS-A CELL LIFE TEST 


GOES-A (1976) 




+ ^ / 


SMS-B (9/75) 


h / 


SMS-A (3/75) 


ELAPSED DAYS 


Figure 6-2. SMS/GOES Orbital Eclipse Season 2, Minimum Battery Discharge Voltage 
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Figure 6~4. SMS/GOES Orbital Eclipse Season 4 , Minimum Battery Discharge Voltage 



Figure 6-5. SMS/GOES Orbital Eclipse Season 5, Minimum Battery Discharge Voltage 
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and minimum battery voltages and temperatures. Because batteries on this satellite were 
assembled from two separate cell manufacturing lots, individual battery voltage characteris- 
tics vary for similar operating conditions. Variations in battery charge voltages are summa- 
rized in Table 6-1. 


Table 6-1. SMS-B Maximum Battery Voltages Following Eclipse for 1/3, 2/3, and 3/3 Charge Rates 




Pre 

Eclipse 



Eclipse 



J day 

244 

245 

246 

247 

248 

249 

Eclipse day 

-1 

1 

2 

3 

4 

5 

Charge rate 

1/3 

1/3 

1/3 

2/3 

2/3 

2/3 

i_f) 

Battery IV 

29.009 

28.442 

28.568 

29.702 

29.639 

29.009 

r^ 

o> 

Battery 2V 

28.379 

28.127 

28.253 

28.883 

28.820 

28.253 


Av 

-0.630 

-0.315 

-0.315 

-0.819 

-0.819 

-0.756 

J day 

57 

58 

59 

60 

61 

62 

Eclipse day 

-1 

1 

2 

3 

4 

5 

Charge rate 

1/3 

1/3 

1/3 

1/3 

1/3 


CO 

Battery 1 V 

27.749 

28.127 

28.253 




S 

Battery 2V 

27.812 

28.316 

27.245 





Av 

+0.063 

+0.189 

"1.008 


1 

b 

o 

00 



*Operator error, returned to 1/3 chg rate after, 2.5 hours 
Source: W. Schedler, FACG 


Data in this table show lower charge voltages early in the eclipse season for battery 2 (S/N 
1011) with respect to battery 1 (S/N 1008). The autumnal equinox season for 1975 shown 
in this table began on J-Day 245 (Julian), while the vernal equinox season for 1976 started 
on J-Day 58. Since data shown for 1976 match the 1975 data, it was concluded that the lower 
charge voltages for battery 2 were characteristic of cell lot manufacturing differences. Battery 
1 was assembled with cells from Lot 7 and battery 2 from Lot 8 cells. Similar lower voltages 
were also observed during the subsequent autumnal eclipse season on J-Day 268, as shown 
in Figure 6-6. End of charge voltage variations for battery 2 in this Hgure are due to changes 
in the battery charge rate. Figure 6-7 shows the battery temperature profiles for this corres- 
ponding day. 

Although general battery eclipse power requirements for SMS-B do not exceed the 60 
f I percent DOD equinox design limit, battery load sharing has been utilized during summer 

solstice operation. In order to document parametric characteristics of load sharing on battery 
recharge efficiency, special tests were conducted as described later in this section. These test 
results were used to establish operational constraints. 
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BATTERY 1 


30 



TIME (Hours) 

Figure 6-6. SMS-B Autumnal Eclipse J-Day 268 for 1976, Battery 1 (S/N 1008) and Battery 2 (S/N 

1011) Voltages 



0 2 4 6 8 10 12 14 16 18 20 2! 

TIME (Hours) 


Flgure6-7. SMS-B Autumnal Eclipse J~Day 268 for 1976, Battery 1(S/N 1008) and Battery 2 (S/N 

1011) Temperatures 
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GOES-A Batteries 

Batteries on this satellite have experienced four equinox seasons since launch on 16 
October 1975. Battery 1 (S/N 1005) was assembled from Lot 6 cells similar to batteries used 
on SMS-A. Battery 2 (S/N 1012) was assembled with cells from Lot 8, which incorporated 
the highest negative electrode active material loading for the SMS/GOES Program. Figures 
N-1 1 through N-12 (Appendix N) provided by NO A A show daily maximum and minimum 
battery voltages and temperatures for the first two equinox and solstice periods. As with 
SMS-A and SMS-B, battery voltage variations with time during solstice operation are due 
to satellite power requirements occasionally exceeding the solar array capability. Figures 6-8 
and 6-9 show relative differences in charging voltage and temperature characteristics for Lots 
6 and 8 battery cells. Lot 6 cells for battery 1 (S/N 1005) have peak voltage characteristics 
similar to SMS-A batteries. Battery 2 (S/N 1012) voltage data for Lot 8 cells compare closely 
with data shown in Figure 6-6 for SMS-B battery 2 (S/N 1011) which also has Lot 8 cells. 



Figure 6-8. GOES-A Vernal Eclipse J-Day 268 for 1976, Battery 1 (S/N 1005) and Battery 2 (S/N 

1012) Voltages 

LIFE TEST AND FLIGHT DATA EVALUATION 
NASA-NWSC Testing 

Two test groups representing cells from Lots 6, 10, and 12 were placed on real-time 
synchronous orbit cycling at the Naval Weapons Support Center (NWSG) located in Crane, 
Indiana, The purpose of the tests was to verify performance and life characteristics to aid in 
establishing orbital battery operation procedures. Battery cells in each test group were sub- 
jected to tests summarized in Figure 6-10. Detailed discussion of the results of these tests 
follows. 
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TIME (Hours) 


Figure 6-9. GOES-A Autumnal Eclipse J-Day 268 for 1976, Battery 1 (S/N 1005) and Battery 2 (S/N 

1012) Temperatures 


TEST GROUP 1 (PACK 227B) 

LOT 6 CELLS S/N 485, 487: 
492, 521 AND 523 


TEST GROUP 2 (PACK 227C) 

LOT 10 CELLS S/N 775, 800 & 836 
LOT 12 CELLS S/N 971 & 987 


TEST GROUP 1 

NASA/GSFC165 
CYCLE EVALUATION 
TEST 


VENDOR TEST PROGRAM 

(3) CONDITIONING CYCLES PER 
EP-MP-160 

(3) A/T CYCLES PER EP-ATP-279 
AT 0'‘C, 24'^C AND 35‘"C 


TEST GROUP I 

NWSCUFE 
TEST PROGRAM 


FACC CELL CHARACTERIZATION 
12) RECONDITIONING CYCLES AT RT 
(20) BURN-IN CYCLES AT RT 
(3) A/T CYCLES PER SC-233716B 
AT20‘’C, 2“C&33°C 
(1) PULSE LOAD CYCLE AT 25 AMPS 


TEST GROUP 2 

NWSC LIFE 
TEST PROGRAM 


Figure 6-10. Packs 227B and 227C Chronological Test Sequence 
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a. Lot 6 Cell Pack 227B. Cells in this test group were not screened at FACC, but were 
subjected to 165 cycles at GSFC, as summarized in Table 6-2. Although cell capacities 
remained stable during these tests, an increase in cell charging voltages and overcharge 
pressures with cycling was noted at the lower test temperatures as summarized in Table 6-3. 
One cell, S/N 521, had high overcharge voltage at low temperatures during the initial tests. 
In general, cell overcharge pressures in the temperature range of 20 to 35®C tended to 
decrease with cycle life. Upon completion of the 165-cycle characterization tests (the equiva- 
lent of 2 years of synchronous orbit cycling), this group was subjected to real-time synchro- 
nous orbit cycle tests at 20®C, as follows: 

• 140-day sunlight simulation with battery state of charge maintained at 0.075 amp. 

• 42-day eclipse simulation with battery discharge at 1.50 amp rate varying from 12 
to 72 minutes maximum (except for 21st cycle during which a capacity measure- 
ment is made). Recharge following eclipse was at 0.15 amp for duration of 24-hour 
period remaining after eclipse. 

Cell capacity and end-of-discharge voltage test results for the first four eclipse seasons are 
summarized in Table 6-4. It should be noted that the cells had an abbreviated 2-month trickle 
charge period prior to start of the initial eclipse season. 

Cell S/N 523 was the limiting cell in the pack, as of the fourth season, and was delivering 
73 percent of rated capacity. Figures N-13 through N-17 (Appendix N) summarize cell 
discharge voltage and capacity characteristics for the first four eclipse seasons, including the 
pre-eclipse cycle discharge at a 1.50 amp rate. Average end-of-charge voltage during the 
middle of Season 1 was 1.423 volts. Corresponding voltages for Seasons 2 and 3 were 1.413 
and 1 .404 volts, respectively. A decreased charging voltage trend similar to GSFC test results 
was also observed. End-of-charge pressures during these periods ranged from 0 to 103.4 x 10‘® 
N/mm^ (0 to 15 Ib/in^). 

b. Lots 10 and 12 Cell Pack 227C. These cells were subjected to screening acceptance 
tests at FACC prior to NWSC synchronous orbit life cycle tests. The pack is representative 
of cells used in assembly of GOES-B and -C batteries S/N 1013, 1014, 1015, 1020, and 1021. 
The cells began life cycling with the first eclipse season as previously described for Pack 227B. 

Charge rate for the sunlight period was maintained at 0.085 amp for this pack. Recharge 
following eclipse was performed at 0.15 amp. Cell pack capacity and end-of-discharge voltage 
test results for the first eclipse season are summarized in Table 6-5. 

Figures N-18 through N-20 (Appendix N) summarize cell voltage characteristics for the 
first eclipse season, including the precharge cycle discharge. 

FACC Life Test 

Accelerated synchronous orbit life cycle tests were conducted at room ambient conditions 
on cells from manufacturing Lots 1, 5, 6, 7, and 8 for a total of nine eclipse seasons. The 
accelerated cycle consisted of a 1 .5 ampere discharge for 1 .2 hours and a 0.15 ampere charge 
for 22.8 hours. The test group included engineering development cells and cells which had 
not been subjected to screening tests. Test and manufacturing background of these cells is 
included in Table 6-6 and Appendix G. The first 1 2 cells listed in this table were reconditioned 
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Test 

Sequence 

Number 

Type Test 

No. of 
Cycles 
in Test 
Condition 

Temp 

Co 

Char< 

le 

— 

Avg Pressure 

Rate 

(A) 

Time 

(hours) 

im 

Avg 

Volts 

N/cm^ 

Ib/in^ 

1 

Reconditioning 

1 

20 

.150 

48 

7.19 

1.45 

4.93 

34 


Capacity 

1 

20 

,3 

17.5 

5.25 

1.48 

4.64 

32 


Voltage recovery 

1 

20 

o.c.v 

31 


1.178 

0.44 

3 


Capacity 

1 

35 

.3 

19 

5.67 

1.40 

12.62 

87 

5 

Ovrchg/Cap 

1 

0 

.15 

64 

9.6 

1.55 

4.06 

28 

6 

Chg efficiency 

1 

20 

.3 

10 

3.0 

1.40 

2.18 

15 

7 

Capacity (repeat no. 2} 

1 

20 

.3 

17.5 

5.25 

1.47 

4.06 

28 

8 

Chg eff (repeat no. 6) 

1 

20 

.3 

10 

3.08 

1.40 

3.34 

23 

9 

Chg efficiency 

1 

20 

.15 

20 

3.03 

1.40 

4.06 

28 

10 

Chg efficiency 

1 

20 

.1 

30 

3.00 

1.395 

5.22 

36 

11 

Chg efficiency 

1 

20 

.075 

40 

3.02 

1.39 

7.40 

51 

12 

Precycling chg 

1 

20 

.3 

17 

5.094 




13 

Cycling 

7 

20 

.3 ' 

22.8 

6.855 

1.43 

5.22 

36 

14 

Cycling 

7 

20 

.15 

22.8 

3.418 

1.41 

5.66 

39 

15 

Capacity discharge 

1 

20 







16 

Precycling chg 

1 

20/0^^^ 

.3/.15^"* 


5.42 




17 

Cycling 

14 

0 

.15 

22.8 

3.43 

1.51 

3.77 

26 

18 

Capacity discharge 

1 

0 







19 

Precycling chg 

1 

20/35 

.3A15/.075 

' 1 

11.78 




20 

Cycling 

7 

35 

.3 

22.8 

6.851 ; 

1.38 

8.99 

62 

21 

Cycling 

7 

35 

.15 

22.8 

3.42 i 

1.37 

8.56 

59 

22 

Capacity discharge 

1 

35 



5.277 ^ 




23 

Precycling chg 

1 

20 

.3 

17.5 


1.45 

2.61 

18 

24 

Cycling 

7 

20 

.1 

22.8 

2.27 

1.40 

5.95 

41 

25 

Capacity discharge 

1 

20 







26 

Capacity 

1 

35/25 

.3 


6.22 




27 

Capacity 

1 

35 

.3 

24 

7.16 

1.41 

11.75 

81 

28 

Ovrchg/capacity 

1 

0 

,15/.05/.15 

66 

7.58 

1.65 

5.66 

39 





(a) 







eod'®’ 




Comments 


1 

4.11 

4.04 1 

3.33 



3.62 1 

2.045 1 

3.981 

Cell No. 4 high 
voltage 1.604V 


2.69 ! 

87% Eff. 


2.31 

76% Eff. 


2.12 

70% Eff. 


1.97 

65% Eff. 

1.23 

1.725 


1.21 

1.757 
3.71 ! 


1.22 

1.74 

3.745 


1.21 

1.73 


1.17 

1.74 

2.234 


1.19 

1.74 

2.77 



4.05 

3.67 

Temperature 

chamber 

malfunction 


3.61 

Cells hit 1.53 
V/cell clamp. 
Reading taken 
afterdamp 
was removed 
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Table 6-3. Lot 6 Cell Pack 227B, GSFC Pre- and Post-Cycling Test Data Summary 


Test 

Cell 1 
(S/N485) 

Cell 2 
(S/N487) 

Cell 3 
(S/N 492) 

Cell 4 
(S/N 521) 

Cell 5 
(S/N 523) 

Capacity 

Volts 

N/cm^ 

(Ib/in^) 

Volts 

N/cm^ 

(Ib/in^) 

^ -—I 

Volts 

N/cm^ 

(Ib/in^) 

Volts 

N/cm^ 

(Ib/in^) 

1 

Volts 

N/cm^ 

(Ib/ln^) 

Ah 

20° C capacity 

pre- 

1.475 

4.21 

1.480 

5.37 

1.479 

. 

4.35 

1.480 

3.92 

1.480 

5,08 

4.04 


cycling 


(29) 


(37) 


(30) 


(27) 


(35) 


C/10 charge 

post- 

1.514 

2.03 

1-532 

2.47 

1.532 

1,45 

1.620 

3.63 

1.515 

2.18 

3.96 


cycling 


(14) 


(17) 


(10) 


(25) 


(15) 


35°C capacity 

pre- 

1.404 

11.17 

1.402 

13.34 

1.400 

12.18 

1.409 

1 1.02 

1.404 

14.94 

3.33 


cycling 


(77) 


(92) 


(89) 


(76) 


(103) 


C/10 charge 

post- 

1.422 

4.06 

1.419 

4.21 

1.414 

3.48 

1.427 

6.09 

1,416 

4.06 

3.68 


cycling 


(28) 


(29) 


(24) 


(42) 


(28) 


0°C capacity 

pre- 

1.536 

2.03 

1.545 

3.05 

1.553 

4.06 

1.604 

5.80 

1.519 

5.51 

3.62 


cycling 


(14) 


(21) 


(28) 


(40) 


(38) 


C/20 charge 

post- 

1.559 

9.43 

1.540 

8.85 

1.546 

9.28 

1.582 

17.40 

1.545 

8.70 

3.21 


cycling* 


(65) 


(61) 


(64) 


(120) 


(60) 



*Voltage was clamped at 1 .54 V/cell; at end of charge current was 0.1 1 A. 



Table 6-4. Pack 227B Mid-Season Capacity Measurements 


End of Discharge Voltage 


Cell 1 
(S/ISI 485) 


Cell 2 
(S/ISI 487) 


Cell 3 
(S/N 492) 


Cell 4 
(S/N 521) 


Cell 5 
(S/N 523) 


Ah 

Capacity 


Pre-eclipse"* 
Season 1 
Season 2 
Season 3 
Season 4 


1,050 

0.679 

0.767 

0.852 

1.068 


0,848 

0.414 

0.590 

0.684 

0.924 


0.982 

0.605 

0.789 

0.819 

1.018 


1.162 

0.441 

0.474 

0.573 

1.168 


0.961 

0.581 

0.632 

0.441 

0.445 


3.98 

4.20 

4.06 

3.65 

2.18 


*^Test performed after 165 cycles at GSFC as summarized in Table 6-2. 


Table 6-5. Cell Capacity and End-of-Discharge Voltages for Pack 227C 



End of Discharge Voltage 

Ah 

Capacity 

CelH 
(S/N 775) 

Cell 2 
(S/N 971) 

Cell 3 
(S/N 800) 

Cell 4 
(S/N 987) 

Cells 
(S/N 836) 

Pre-eclipse* 

1.012 

0.996 

0.923 

0.87 T 

0.875 

4.23 

Season 1 

0.420 

— 

- — 

• ^ 

,,, — 

4,17 

Season 2 

TBD 

TBD 

— . 

— 

— 

TBD 

Season 3 

TBD 

— 

— 

~ 

' — - 

TBD 

Season 4 

TBD 

TBD 

TBD ' 


— ■ 

TBD 


*Test performed after reconditioning at NWSC following screening at WDL. 


and started on life test in June 1974. After the first eclipse season was completed, 10 cells 
were added to the test group. Cells were discharged at 1.50 amp and recharged at 0.15 amp. 
Upon completion of the third eclipse season, a capacity check was made on cells S/N 12, 20, 
403, 511, 540, 593, and 620. Cells S/N 706; 697, and 619 (which had completed two seasons) 
were also subjected to capacity measurements. Table 6-7 compares post-screening test burn-in 
capacities with capacities measured during and after the eclipse season life test. Cells S/N 
403,; 511, and 596 were subsequently subjected to the load sharing test described later in this 
section. Table 6-8 summarizes minimum cell voltages at equinox for the nine eclipse seasons. 

Lot 7 cells and Lot 8 cells exhibited more capacity degradation than cells from Lots 5 and 
6. Lot 1 cells that exhibited the most capacity degradation had been used in the engineering 
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development tests. This capacity degradation 
coupled with initial charge voltage peaking 
suggests a marginal quantity of electrolyte in 
the separator for Lot 7 and 8 cells, as previous- 
ly discussed in Section 5. 

FACC BATTERY CHARGE EFFICIENCY 
TESTS 

Battery cell charge efficiency tests were 
performed for summer solstice season operat- 
ing conditions when battery load sharing is re- 
quired. Test parameters included charge rate, 
discharge rate, temperature, operating time, 
and battery state of charge. Twenty-three cells 
from manufacturing Lots 5, 6, 7, 10, and 12 
were selected for this experiment. Short term 
(matrix) load sharing tests were conducted for 
cell operating temperatures of 10, 20, and 
25 ®C, in accordance with conditions summa- 
rized in Table 6-9 and Appendix N. An ex- 
tended 3-1/2 month orbital load sharing test 
was performed at 25®C for a calculated charge 
efficiency of 86 percent. 

Test cells consisted of 20 Lot 10 and 12 cells 
screened per Procedure SG-213728 (included 
in Appendix I) and three engineering life test 
cells from Lots 5, 6, and 7, Initial testing was 
performed on the 20 Lot 10 and 12 cells for a 
calculated recharge efficiency of 92 percent at 
10 and 25®C. The cells were removed from 
shorted storage, reconditioned, and tested for 
capacity at 20®C, per Procedure SC-213728. 
Charging voltages ranging from 1.502 to 1.536 
occurred during initial capacity tests, as sum- 
marized in Appendix O for Test 6. The cells 
were recharged and subjected to a 168 hour 
square wave pulse load sharing test at 10®C. 
The pulse consisted of a 106 mA charge for 
410 ms and a 200 mA discharge for 200 ms. 
Recharge efficiency for this test is calculated 
per Table 6-9. 
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Table 6-6. FACC Accelerated Life Test 
Cell Background 


Test 

Position 

Cell 

S/N 

Mfg 

Lot 

Previous Test History and 
Other Comments 

1 

11 

1 

EM Cell Development Tests 

2 

12 

1 

EM Cell Development Tests 

3 

20 

1 

Not screened at WDL 

4 

403 

5 

Screened at WDL 
(1.58 V peak at LT)* 

5 

412 

5 

Screened at WDL 
(1.53 V peak at LT) 

6 

488 

6 

Screened at WDL 
(1.54 V peak at LT) 

7 

511 

6 

Screened at WDL 
(1.61 V peak at LT)* 

8 

540 

7 

Screened at WDL 
(1.59 V peak at LT) 

9 

545 

7 

Screened at WDL 
(reversed during test) 

10 

547 

7 

Screened at WDL 
(1.56 V peak at LT) 

11 

593 

7 

Screened at WDL 
(1.63 V initial peaking) 

12 

620 

8 

Gaged engineering test cell 

13 

618 

8 

Gaged engineering test cell 

14 ' 

706 

8 

Screened at WDL 
(failed charge retention) 

15 1 

694 

B 

Not screened at WDL 

16 1 

1 

631 

8 

■ ■ 

Screened at WDL 
(1.53 V peak at LT) 

17 

596 

7 

Screened at WDL 
(1.56 V peak at LT) 

18 ' 

429 

5 

Screened at WDL 
(1.54 V peak at LT) 

19' 

428 

5 

Screened at WDL 
(1.54 V peak at LT) 

20 

40 

4 ^ 

Screened at WDL 
(1.55 V peak at LT) 

21 

39 

1 

Screened at WDL 
(1.54 V peak at LT) 

22 

619 

8 

Gaged engineering test cell 


^Special low temperature overcharge test at 0.15 A 
after screening tests. 
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Table 6-7. FACC Accelerated Life Test Cell Capacity Characteristics 


i 



Cell 

S/IM 

Post-Screening 

Burn-In 

Capacity 

Season 2 
Capacity 

Season 3 
Capacity 

Season 9 
Capacity 

Percent Ratio 
of Season 9 
to Post-Screening 
Capacity 

1 

11 

- 

- 


1.26 

— 

1 

12 

- 

- 

3.15 

0.74 


1 

20 

- 

- 

4.00 

3.54 

— 

5 

403^ . 

3.78 

- 

4.25 

3.41 

90.2 

5 

412 

3,86 


- 

3.72 

96.4 

6 

488 


- 

- 

4.11 

98.8 

6 

511* 

4,04 

- 

4.25 

3.62 

89.6 

7 

540 

3.60 

- 

4.10 

3.65 

101,4 

7 

545 

3.66 

- 

- 

2.96 

80.9 

7 

547 

3.50 

- 

- 

2.96 

84.6 

7 

593 

3.50 j 


3.30 

1.83 

52.3 

8 

620 

■ 

- 

- 

1.26 

- — 

8 

618 

3.77 1 

3.15 

- 

1.13 

30.0 

8 

706 

4.08 

- 

- 

1.70 

41.7 

8 

694 

- 

- 

- 

1.84 

— 

8 

631 

4.31 

- . 1 

- 

0.78 

18.1 

7 

596* 

4.29 

- 

- 

2.72 

63.4 

5 

429 

4.17 1 

“ ■ 1 

- 

4.08 

97.8 

5 

428 

4,26 


- 

2.44 

57.3 

1 

40 

4.47 

4.10 * 

- 

3.66 

81.9 

1 

39 

4.38 

4.00 j 

- 

3.44 

78.5 

8 

619 

4.05 

2.75 

. — 

0.92 

22.7 


*Cells subsequently subjected to Load Sharing Test. 


Cell capacity was then measured following the load sharing test at 10°C and the cells were 
discharged through 1-ohm resistors for six days. The cells were then stored in ah open circuit 
discharged state for 34 days at room ambient conditions. A series of capacity tests were then 
performed at 20, 10, and 25°C, followed by a calculated 92 percent recharge efficiency test 
at 25°C for 91 hours. Square wave pulsing for this test consisted of a 120 mA charge for 500 
ms and a 540 mA discharge for 102 ms. 

Orbital Load Sharing Test 

Twelve cells were chosen from the 20 cell group and tested for a calculated recharge 
efficiency of 86 percent at 25®C. One cell per week was removed from test for a capacity 
measurement to determine changes in state of charge with time. The capacities of all cells 
were determined after 3-1/2 months of load sharing. The cells were then recharged, calibra- 
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Table 6-8. FACC Accelerated Life T«»8t Minimum Cell Voltage at Equinox 


Mfg 

Lot 

Cell 

S/N 


Seasons | 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

1 1 

1.170 

1.139 

1.094 

1.042 

1.038 

1.008 

0.932 

0.722 

* 0.073 

1 

12 

1.158 

1.102 

1.009 

0.989 

0.930 

0.808 

* 0.185 

* 0.191 

* 0.219 

1 

20 

1.207 

1.200 

1.182 

1.190 

1.192 

1.188 

1.183 

1.177 

1.166 

5 

403 

1.201 

1.193 

1.172 

1.183 

1.184 

1.177 

1.168 

1.159 

1.150 

5 

412 

1.197 

1.190 

1.172 

1.168 

1.181 

1.180 

1.173 

1.166 

1.158 

6 

488 

1.217 

1.218 

1.204 

1.201 

1.207 

1.211 

1.209 

' l,205 

1.198 

6 

511 

1.204 

1.202 

1.183 

1.190 

1.190 

1.187 

1.179 

1.172 

1.158 

7 

540 

1.214 

1.203 

1.186 

1.186 

1.195 

1.190 

1.186 

1.180 

1.175 

7 

545 

1.198 

1.155 

1.110 

1.189 

1.130 

1.105 

1.107 

0.996 

0.799 

7 

547 

1,199 

1.165 

1.132 

1.123 

1.154 

1.110 

1.056 

1.035 

1.022 

7 

593 

1.194 

1,141 

1.048 

1.002 

1.066 

0.998 

0.957 

0.943 

0.705 

8 

620 

1.140 

0.764 

0.748 

0.735 

0.787 

0.690 

0.439 

* 0.234 

* 0.248 

8 

618 

— 

1.178 

1.084 

0.912 

0.968 

0.959 

0.936 

0.811 

0.480 

8 

706 


1.183 

1.123 

1.087 

1.108 

1.021 

0.997 

0.968 

0.927 

8 

694 

— 

1.216 

1.195 

1.186 

1.192 

1.186 

1.183 

1.174 

1.166 

8 

631 

— 

1.186 

1.116 

1.055 

1.071 

0.989 

0.947 

0.706 

* 0.144 

7 

596 

* — • 

1.205 

1.183 

1.176 

1.188 

1.181 

1.176 

1.174 

1.172 

5 

429 

— 

1.203 

1.184 

1.179 

1.137 

1.188 

1.186 

1.183 

1.177 

5 

428 

— 

1.204 

1.185 

1.182 

1.190 

1.191 

1.188 

1.185 

1.180 

1 

40 

— 

1.205 

1.185 

1.187 

1.189 

1.186 

1.179 

1.171 

1.155 

1 

39 

— 

1.204 

1.184 

1.186 

1.188 

1.184 

1.179 

1.172 

1.159 

8 

619 

— 

0.952 

0.832 

0.751 

0.774 

0.438 1 

* 0.169 

* 0.247 

* 0.256 


Cells reversed at end of discharQe period causinQ no apparent cell deformation due to gas pressurization. 
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Table 6-9. Special Battery Cell Characterization Test Conditions 


1 


1 

] 

I 


Cond. No. 

Temp CC) 

Charge Rate 

^chg 

(mA) 

•’disch’ 

(mA) 

Nb=98% 

O 

O) 

II 

00 

z 

Ng -85% 

O 

00 

II 

00 

z 

Ng = 60% 

1 

25 

EOL Trickle Charge 

71 

— 

320 



— 

2 

25 

EOL Intermediate Charge 

121 


545 




3 

25 

BOL Intermediate Charge 

140 

- 

630 



~ 

■ 4 

25 

BOL FuM Charge 

210 

1029 

945 



- 

5 

20 

BOL Full Charge 

210 

- 

945 



630 

6 

10 

BOL Full Charge 

210 


945 


840 

630 

7 

25 I 

EOL Intermediate (Life Test) 

I 

121 

— 

— 

515 


— 


(1) 


disch 


"^dischg 


I ‘ T 
chg chg 



disch 


Vb -D 

pwr 


where 


^disch ~ Pulsed battery discharge current in milliamps 
for a time period of T^lsch seconds (100 ms). 

~ Pulsed battery charge current in milliamps 
for a time period of in seconds (500 ms). 

Nr, = Forced battery recharge efficiency; equal to 
Q ,/Q. . 

out in 

Vr, = Battery (20 cell) voltage; assumed equal to 
27 V. 

D ^ Discharge pulse duty cycle equal to 100 ms/ 
600 ms =1/6. 


j 


tion discharged, reconditioned, and subjected to a 20®C capacity measurement per Procedure 
SC-213728. Test data for this cell group are summarized on pages 0-6 through 0-8 (cell 
positions A 1 through A1 2 of Appendix O. 

Matrix Load Sharing Test 

Eight cells remaining from the original 20 cell test group were subjected to matrix load 
sharing tests. Also included in these tests were three cells from Lots 5, 6, and 7 which had 
been cycled previously on the engineering life test. The matrix tests were performed for 
calculated recharge efficiencies ranging from 60 to 99 percent over a temperature range from 
10 to 25®C. Data from these tests are summarized in Figures 6-11 through 6-16. 

A trend of increased charge efficiency with reduced state of charge was observed for both 
Lots 5, 6 and 7 (SMS*TYPE) and Lots 10 and 12 (GOES-type) battery cells during the 
matrix load tests. Figure 6-11 through 6-16 illustrate this trend and also show an increase 
in cell state of charge for warmer temperatures (ranging from 10 to 27 ®C). Reduced capacity 
measurements for the SMS-type cells are the probable result of life cycling previously 
performed to simulate 5 years synchronous orbit equinox operation at 25 ®C without solstice 
simulation. Since the GOES type cells had no life cycle testing prior to the load sharing tests, 
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cell test data for these cells are representative of beginning of life performance. The SMS cell 
test data therefore would be more representative of end of life cell performance. The test 
results indicate that the charge rates evaluated had minimal effect on beginning and end of 
life cell capacity output for calculated recharge efficiencies ranging from 60 to 82 percent 
over a temperature range from 10 to 25 °C. This trend continues for calculated efficiencies 
up to 93 percent at 25®C; however, cell capacity is reduced at 10®C for 90 percent efficiency. 

Analysis of 3-1/2 month GOES cell load sharing test results shows no cell voltage or 
capacity degradation for a calculated recharge efficiency of 85 percent at 25®C. It is con- 
cluded that non-eclipse excess loads up to 515 mA per battery can be supported without 
capacity degradation, as illustrated in Figures 6-11 through 6-16. Although no predictions 
can be made relative to the long-term effects of load sharing, orbital battery load sharing on 
SMS-B has not produced any known adverse short-term effects on performance during 
summer solstice operations for 1976 and 1977. 


CHARGE/DISCHARGE RATIO 

1.67 1.54 1.43 1.33 1.25 1.18 1.11 1.05 1.00 



60 65 70 75 80 85 90 95 100 

RECHARGE EFFICIENCY (%) 


Figure 6-11. GOES Cell Load Sharing Capacity Characteristics at 10, 20, and 25° C 
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Figure 6-12. SMS/GOES Cell Load Sharing Capacity Characteristics at 25^C (Intermediate and 

Trickle Charge Rate) 
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Figure 6-13. SMS/GOES Cell Load Sharing Capacity Characteristics at 2S°C (Full Charge Rate) 
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Figure 6- 14. SMS/GOES Cell Load Sharing Capacity Characteristics at 25'' C (Intermediate Charge 

Rate) 
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Figure 6-15. SMS/GOES Cell Load Sharing Capacity Characteristics at 10° C (Full Charge Rate) 
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Figure 6-16. SMS/GOES Cell Load Sharing Capacity Characteristics at 20° C (Full Charge Rate) 
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SECTION 7 
CONCLUSIONS 


As a result of analysis of the SMS/GOES battery program cell development and flight 
hardware production at Eagle Picher Industries, the following observations and conclusions 
are set forth to highlight significant process and design parameter variables for the RSN-3 
nickel-cadmium battery cell. 

CELL DESIGN 

• The selected cell design utilizes approximately 3.0 ml of 30 weight percent potassi- 
um hydroxide solution per ampere hour of measured positive capacity. This maxim- 
ized value is equivalent to 17 to 18 percent of the total plate and separator weight 
(core weight) in added electrolyte. 

• High rate charge/discharge (C/2 rate) formation cycling of plaques in the flooded 
electrolyte condition following active material impregnation appears to improve 
electrode efficiency, as observed for the Group II development cells. This may be 
a result of the plate surface and pores being cleared of loose material. Manufactur- 
ing control of variation in negative active material and electrochemical utilization 
is considered important in assuring adequate overcharge protection. 

• Reduction of the cell container wall thickness from the standard 0.63 mm to 0.38 
mm resulted in a 140 gram battery weight savings constituting 6.1 percent of the 
cell package weight. 

• The positive plate active material loading range should be controlled to attain the 
desired positive plate capacity and required minimum negative-to-positive capacity 
ratio. Positive loading values in the range of 11.6 to 13,3 gm/dm^ appear to be 
satisfactory based on production cell performance. Comparable negative plate ac- 
tive material loading values of 14.1 to 15.0 gm/dm^ also provide adequate negative 
capacity. Deviation from either range can result in decreased cell performance, as 
demonstrated by cell manufacturing Lots 7 and 8. 

• Since the amount of precharge measured following power discharge is usually 
greater than that calculated, this difference must be considered in determining the 
desired amount of electrochemically available discharged and charged excess nega - 
tive capacity. 

• Institution of plate tab- to- terminal weld process calibration measurements (includ- 
ing onsite puli tests, cross section examination, and other analytical tests) has been 
beneficial in controlling and monitoring critical weld joints. 

• Separator physical properties and chemical analyses data compiled for this pro- 
gram, while appearing relatively divergent for specific measurements, arc consid- 
ered valuable information for future reference in the event of latent cell defects. 

• Control of s'cll interelectrode spacing and/or plate thickness stability (with cycle 
life) appears important in avoiding separator dry out. This is evidenced by both 
initial high cell charging voltages for a fully discharged cell and a trend of degraded 
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ceil capacity for long life cycling. Cells from manufacturing Lots 7 and 8 were 
found to have reduced total interelectrode spacing of approximately 1.0 mm/cell 
compared with other flight cell production lots. 

• Negative electrode state of charge adjustment appears to be satisactory for a 
discharged excess negative level of 60 percent or a measured precharge (electro- 
chemical) value of approximately 40 percent. This is demonstrated by the accept- 
able maximum low temperature (2°C) overcharge voltages observed during cell 
screening and battery acceptance tests at FACC. 

• Cells having reduced overcharge protection tend to have higher maximum charge 
voltages, particularly after extended short circuit storage for 24 months. An exam- 
ple of this is battery S/N 1005 (cell manufacturing Lot 6) where the calculated 
overcharge protection capacity was 1.07 Ah. 

• FACC 5-year simulated synchronous orbit test results show that manufacturing 
Lots 7 and 8 cells have reduced end of discharge voltages (after 1.2 hours) and 
capacities at 25°C compared with Lot 5 and 6 cells which delivered approximately 
90 to 100 percent of the original capacity after life test. As previously stated, cell 
separator dryout due to decreased interelectrode spacing is thought to be the 
principal degradation factor. 

BATTERY DESiGN 

Battery cell temperature gradients and variation were controlled to approximately 1 .7°C 
during thermal vacuum testing by optimizing the T-rib (thermal) shunt material thermal 
conductivity and thickness. 

• The SMS/GOES battery assembly mechanical package weight comprises approxi- 
mately 10.1 percent of the total unit weight, The assembly design has demonstrated 
capability to withstand the Thor-Delta 2914 launch vehicle environment, including 
launch, ascent, and transfer orbit operation requirements. 

• Weight savings realized through this battery design may be utilized to increase 
spacecraft payload capability or improve subsystem reliability by decreasing the 
battery depth of discharge for extended life. The SMS/GOES battery mechanical 
packaging design is independent of battery cell manufacturing processes and de- 
signs and can be readily applied to existing or new battery cell designs, 

MISSION PERFORMANCE 

The SMS/GOES battery configuration meets all anticipated operational requirements 
while performing the required energy storage function. There is high probability that the 
satellite batteries will attain the expected orbital life based on accelerated life test results and 
orbital battery performance to date. 

• GOES-B and -C battery cell Lots 10 and 12 appear to have enhanced peak over- 
charge voltage capability due to reduced positive loadings and a higher measured 
negative-to-positive electrochemical capacity ratio. The GOES-Band-C cells had 
a negative to positive ratio in excess of 1 .60, compared with a 1 .40 to 1 .54 ratio for 
the SMS and GOES- A battery cells (except for the Lot 8 cells which had a 
measured ratio of 1,83, accomplished by high negative plate loadings). 
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• Although no prediction can be made for the long-term effect of pulse loading the 
SMS/GOES batteries during solstice season operation, experimental results indi- 
cate that full capacity can be maintained over the short term for a 110 percent 
capacity return at 25°C. However, the battery state of charge is decreased to 
approximately 75 percent for a 1 10 percent capacity return at 10°C. 
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1. SCOPE 

This specification establishes the requirements for 
performance and design of the nickel-cadmium battery assembly, for use 

on Che Synchronous NeCerological SaCelllCe (SMS)t The battery Is to 
provide electrical energy during pte- launch and eclipses end Stipple^ 
SMintary energy during peak load periods. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents, of Issue noted, constitute a 

part of this specification to the extent specified herein. Should a 
conflict exist, this specification shall govern. 

PUBLICATIONS 


SP-S002 

(Fourth Edition) 
NHB-5300.4 (IB) 


NRB-5300.4 (3A) 


PPL-ll 


Soldering, Electrical 
Connections 

Quality Program Provisions 
for Aeronautical and Space 
System Contractors 

Requirements for Soldered 
Electrical Connections 

GSFC Preferred Parts List 


STANDARDS 


Mllitai 


MIL-STD-130C 


MIL*STD-143B 


KIL-STD-454B 


Identification Marking of U.S, 
Military Property 

Standards and Specifications, 
Order of Procedence for the 
Selection of 

Standard General Requirements 
for Electronic Equipment 
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2*2 Tbe following document*, of Issue noted, constitute a 

part of this specification to the extent specified herein. 


SPECIFICATIONS | 

Fhllco-Pord j 

Sfl-212002 

I 

I 

\ 

ST-A20403 


SMS Environmental Ee()ulrements 
Specification 

SMS General Quantitative Rella* 
blllty Assessment Specification 


SD-212061 

SP-212064A 


PLANS 

Phllco«Ford 

TR-4487 


SMS Power Control Unit Design 
Specification 

SMS nickel-cadmium battery cell 
(3,0 ampere hour ) Procurement 
Specification 

i 

i 

i 


SMS quality Assurance Program 
Plan 


SA •212067 SMS Power Subsystem Test Plan 

TO-4492 SMS Reliability Program Plan 

SA -212037 Electromagnetic Compatabiltty 

Control Plan 

TR-4546 Magnetic Field Control Plan 

DRAWINGS 

Phllco-Ford 

HZ-211103 SMS Battery Assembly Interface 

Control Drawing 

i 

99~213827 | SMS Battery Assembly Drawing 
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3. REQUIREMENTS 

3.1 General .- The battery assembly for the SMS power subsystem 
shall consist of one battery of series-connected battery cells. The 
battery shall contain twenty hermetically sealed nickel-cadmium cells of 
three ampere-hour capacity and two thermal sensors. The battery shall 
supply energy for pre-launch, hold, abort, launch/ascent, solar eclipse 
and peak non-eclipse operations. The role of the battery in the electrical 
power subsystem is defined in the SMS Power Control Unit Design Specification, 
SD-212061. 

3.2 Electrical . 

3.2.1 Battery Assembly Electrical Requirements .- Battery assembly 

performance and electrical requirements are specified in Tables I and II. 

The maximum eclipse period is 1.2 hours and the charge time during eclipse 
seasons ranges from 22.8 to 24.0 hours. The battery shall incorporate 20 
battery cells with electrical characteristics as delineated in Procurement 
Specification SP-2 12064. 

3.2.2 Battery Assembly Thermal Sensors .- The battery assembly shall 

be equipped with two thermistors, located to measure the maximum cell case 
temperature. The temperaturq/resistance characteristics of the thermistors 
over a temperature range of -10°C to d-SO^C shall be as shown in Figure 1. 
Thermistor accuracy in the temperature range indicated shall be within 

1 percent of the resistance values shown. 
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3.2.3 InsHlatton Resistance. - The electrical resistance between 

the battery case and battery connector leads, between battery case and battery 
cell case and between battery connector leads and thermistor leads shall be 
10 megohms nlnltnuffl at a potential of 100 (+10,-0) volts. 

3.2.4 Internal Impedatvgo. - The battery Internal Impedance measured 
at the battery ^-^rmlnals shall be In accordance with Paragraph 3.2.16.2. 
Battcrv Interface, of SD-212061 when exposed to any combination of storacre 

and operating conditions specified herein. 

3.2.5 Charge Retention . r To demonstrate the absence of a soft 
short. Battery cells shall be capable of recovery to an open circuit 
voltage of at least 1.16 volts after experiencing the following load 
conditions In the sequence shown. 

a. Discharge down to a level of 1.0 volts. 


b. A one ohm load for a period of 16 hours followed by a 

direct short for a period of one hour. 

c. 24 hours in an open circuit condition. 

3.3 Design and Construction . 

3.3.1 Interface Definition. 


' 3.3.1. 1 Interface Requirements . -The battery assembly shall Inter- 
face with the Power Control Unit through the electrical distribution sub- 
system as per HZ -2 HIM. 


3. 3. 1.2 Mechanical Interface . - The battery assembly shall be mounted 
on the support structural subsystem in accordance with provisions of 
HZ-211103. 

3. 3. 1.3 Functional Interfaces. - The battery assembly shall supply 
power and signals to the Electrical Power Subsystem, as specified in Power 
Control Unit Design Specification SD-212061. The electrical interfaces 
with the power control unit shell be In eccordence with HZ-211103. 


I 

I 

I 
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TABLE I 

SMS Battery Assembly, Performance Requirements 


CHARACTERISTIC 


VALUE 


Nominal Battery Load (to 60% of discharge) 


36.5 watts 


Maximum Depth of Discharge » % of Nominal Capacity 


60, during orbital oper* 
atlon 


Rated Battery Capacity (Nominal) 


3,0 Ampere Hours 


Peak Discharge Current 


27.0 Amperes,- 100 milli- 
seconds 


Nominal Discharge Current 


1.5 Amperes 


Maximum Discharge Time 


1.2 Hours 


Maximum Steady State Discharge Current 


8.0 Amperes 


Allowable Charging Current Range 


0.2 to 0.3 Amperes 


Trickle Charge Current Range 


0.07 to 0.10 Amperes 


Maximum Allowable Charge Time 


22.8 Hours 


Total Cycles and Eclipse (5 years) 


4A0 cycles 


Cycle Repetition Rate (charge/discharge) 


24 hours 


Maximum Trickle Charge Period 


138 days between cycle 
periods 


Orbital Life 


5. years 


Battery Cell Configuration 


1-twenty cell Assembly 
(2 X 10 cells) 


Maximum Battery Heat Output During Overcharge 


Maximum Allowable Battery Cell Temperature Gradient 


Allowable Battery Temperature Range during orbital 
operation (tliermistor measurement) 


9. Watts (equivalent) 


5“C - 30°C 


Qualification Temperature Range 
(thermistor measurement) 


0°C to 40®C 


Maximum Battery Charge Voltage 


Minimum Battery Discharge Voltage 


30.0 Volts 


20.0 Volts 


Minimum Discharge Voltage For 5 Cell groups in 
the Battery 


5.0 Volts 
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TABLE II 

SMS Battery Assembly Capacity Performance Requirements 


Temp* 
( c) 

Discharge 

Current 

(Amps) 

Discharge 

Time 

(Hrs) 

Min. 

Voltage 

(Volts) 

Mln.Rcq'd.X 

Rated Cap. 

1007.-3. (W, 
Mrs> 

Max Allowable 
Cell Capacity 
Dt f ference 
^Amp Hrs) 

2A ±2 

1.5 

2.0 

20 ,00 

loox 

0.15 

0 +2 

1.5 

1.5 

20.00 

757. 

0.30 

AO +2 

1.5 

1.0 

20.00 

5VL 

0.40 

S^C to 30°C 

1.5 

1.7 

20.00 

85?; 

0.25 


•3.3.2 General Design Features . ~ The battery assembly design 
shall conform to the requirements of drawing HZ-211103 and is described in 
greater detail in drawing 99-213827, The battery assembly shall consist 
of twenty 3.0 ampere hour battery cells connected in series and restrained 
in position by the battery .structural subassembly. 

3.3. 2.1 Weight .- The weight of the battery assembly shall be as 

specified in drawing HZ-211103. ' 

3. 3. 2.2 Corrosion Resistance .- All external surfaces of the battery 
assembly shall show no evidence of corrosion when exposed to the environment 
conditions specified herein. 

3.3. 2.3 Leakage . - The battery assembly shall show no evidence of 
electrolyte leakage when subjected to the specified storage and operating 
conditions. 

3.3. 2. A Thermal Properties .- The battery assembly shall have thermal 
properties as specified on drawing HZ-211103. The battery structural as- 
sembly shall be designed to maintain the battery temperature within the 
specified temperature range of 5°C to .30“C for the heat output profile delineated 
in HZ-211103. The maximum allowable mean temperature difference from cell to 
cell in the battery assembly shall be 5*C. 
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3.3;*2*5 Connector. • The connector used on the battery assembly 
•hall conform to the requirements of drawing HZ -211103* 

3.4 Performance . (Refer to 3.2.) . 

3.5 Parts. Materials and Processes. - Parts, materials and 
process selection, evaluation, qualification, testing and screening shall 
be conducted and documented in accordance with the SMS Reliability and 
Quality Assurance Program Plans and as specified herein. 

3.5.1 Parts, Materials and Process Specifications and Standards. - 
All parts, materials and processes used shall be described in specifications 
and/or standards covering their procurement. Inspection, testing/screening, 
handling and/or utilization. 

. 3.5.2 Parts. 

3.5.2. 1 Electrical/Electronic Part Selection . - To the maximum 
extent feasible, electrical/electronics parts shall be selected from 
NASA/GSFC FPL-11; all other parts shall be designated non-standard. Selec- 
tion of non-standard parts shall be on the basis of demonstrated, or potential 
for demonstration of, suitability for the SMS mission. 

3. 5. 2. 2 Electrical/Electronic Part Qualification. - Each non- 
standard part shall have a non-standard part approval request form pre- 
pared and submitted to NASA/GSFC for review and approval prior to use, to- 
gether with such documentation as may be required to support the request. 

In the event par qualification status has not been established, qualification 
testing may be required. 

3. 5. 2. 3 Electrical/Electronic Part Screening. - All Electrical/ 
electronic parts shall be subject to 100 percent screening as indicated 
in the applicable portions of the screening matrix contained in the SMS 
Reliability Program Plan and the Parts Speclflcatlpr.. 

3. 5.2. 4 Part Traceability, » All parts shall be traceable to 

manufacturer lot, j 
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3.5.3 


Materials. 


3. 5.3.1 OutRnsolnR. - Because this equipment will be located In 
close proximity to satellite optical devices, materials used shall be 
selected for minimum outgasslng and release of volatile contaminants in 
the ascent and orbital environments. 

3.5.3. 2 Protective Treatment. • Where materials used in the con- 
struction of the unit are subject to deterioration when exposed to 
climatic, handling, and environmental conditions likely to occur during 
service usage, they shall be protected against such deterioration in a 
manner that will in no way prevent compliance with the requirements of 
this Epeciflcatlon. The use of any protective coating that will crack, 
chip, or scale with age or extremes of climatic and environmental con- 
ditions shall be avoided. 

3. 5. 3.3 Dissimilar Metals. - Dissimilar metals, as defined In 
MIL-STD-A5A, Requirement 16, shall not be used in immediate contact with 
each other. Adjacent surfaces shall be suitably coated or otherwise pro- 
tected against electrolytic corrosion. 

■ 3.5. 3.4 Moisture and Fungus Resistance. - Materials which are 
adversely affected by moisture or which are nutrient to fungi shall not be 
used unless effective protective treatment is provided. Requirement 4 of 
MIL-SXD-454 shall apply. 

3. 5. 3. 5 Toxic Materials. - Materials which will produce harmful or 
toxic effects during handling, operation or storage shall not be used. 

3. 5. 3. 6 Materials Traceability. - All materlsls shall be traceable 

to manufacturer’s lot. 


3.5.4 


Processes. 






■ 3.5.4, 1 Fabrication Techniques . - The processes used in fabrication 
of equipment defined by this specification shall follow written procedures 
selected fron NASA/GSFC approved process control procedures. Government, 
or Industry Standards, 
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3. 5*4*2 Soldering* • Soldering shall conform to the requirements 

of HRB 5300*4 (3A)* SP-5002 shall be used as a guide. 

3*5*5 Interchangeability and Replacement. - All parts having the 
•ame manufacturer's part number shall functionally and dimensionally Inter- 
changeable* The provisions of MIL-STD-454f Requirement 7, shall apply* 

3*5*5* 1 Identification and Marking* - Each piece of equipment furnished 
under this specification shall have a nameplate for Identification. Identi- 
fication* marking and serialization shall be In accordance with Standard 
MtL-STD-130* except the nameplate shall be placed directly upon the 
exterior surface by stenciling* silk screening or an equivalent process* 

The following data shall be Included on each equipment nameplate: 

a* Item designation: 

' h* Manufacturer's part number: 

c* Manufacturer's serial number: 

d. Prime Contract Number: NAS5-21575. 


3*5*5*2 Serialization* - All assemblies and subassemblies thereof 
shall be serialized for ease of identification* 

3.6 Specifications and Standards, - The selection of specifi- 

cations and standards for commodities and services not otherwise specified 
herein shall be In accordance with MIL-STD-143. 

3*7 Workmanship . -Standards of workmanship shall meet or exceed 

requirement 9 of MIL-STD-454. 

3.8 Environmentnl Requirements* - The equipment shall 
meet the design and performance requirements specified herein during 
and after any probable combination of operation environments and/or sub- 
sequent exposure to non-operational environments as spe*^^^^^'^ in SR-2 12002* 

3.9 Electromagnetic Interference. - The requirements of 
SA -212037 shall apply* 

3.9.1 Magnetic Field Control .- The provisions of Mag*ietic Field 
Control Plan TR-4546, apply to the design and performance of the equipment. 

^ A— 11 t 1 ,. 
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3.10 Rgllnblllty . " Reliability requirements ore as specified 

In TR-AA92 the SMS Reliability Program Plan, and as defined in 3.10.1 
through 3.10.3. 

3.10.1 Shelf Life Requirement .- The equipment shall have the 
capability of meeting all requirements specified herein after a shelf life 
of at least two (2) years when suitably packaged and protected against 
detrimental factors such os corrosive atmospheres and dust. 

3.10.2 " Life Requirements .- The battery assembly shall have on 
operating life (in synchronous orbit) of not less than five (5) years. 

This life shall include all of the environmental excitations and expo- 
sures of the S^^S mission profile including prelaunch operations, launch/ 
boost and transfer orbit phases. 

3.10.3 Success Probability Requirement .- The reliability shall 
be assessed according to the methods of ST-A20403» SMS Quantitative 
Reliability Assessment Specification. 

3.10.3.1 Pre-Launch and Launch Survival .- The equipment shall survive 
the specified pre-launch and launcii environments and placement into orbit 
in readiness for operation (Pl) with a probability of not less than 0.9999. 

3.10.3.2 Orbit Survival .- The equipment shall successfully perform 
its designated and specified function in the specified orbited environment 
for a period of five years with a probability of success (Pg) of not less 
than 0.9538, assessed over the mission as described in ST-A20403 and in- 
cluding the cycles of discharge associated with eclipse periods and 
charge maintenance in the balance of the mission. 
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4. 

QUALITY ASSURANCE PROVISIONS 

4.1 General.* Quality Assurance shall be Implemented In 

accordance with the requirements of the SMS Quality Assurance Program 
Plan, TR-4487, and NBH 5300.4 (IB). 

4,2 Tests,- Tests shall be conducted in accordance with the 

requirements of the SMS Power Subsystem Test Plan, SA-212067. Battery 
cell source test procedures shall be In accordance with Procurement 
Specification SP-212064. 

4.3 Re.lectlon Criteria.- Permanent rejection is required 

If any of the following has occurred to an individual cell: 

a# 

Unit was exposed to temperatures outside the -40®C to 
+50'*C range regardless of time duration of over- tempera- 
ture exposure* 

b. 

Unit had received currents in excess of 30 amperes 
(10 C rate) , 

c. 

Unit was over discharged below 0.0 volts after activation. 

d. 

Unit was physically damaged in any manner, such as from 
being dropped from a height greater than 1.0 inch. 

' !■ e. 

Unit failure to pass any electrical test. 

i 

^ \ f \ ^ ^ , 

' . ' . . ^ ^ ^ ^ ^ \ i ^ / 

- r 

■■ ! - ■ ■ ■ ' ' ' ' ' 

j; ■ ' 

i ' ■ 


1 

m; ■■ 
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5. PREPARATION FOR DELIVERY 

5.1 Preservation, PackaglnR and Packing. - After completion 

of tisata, each battery shall be preserved within one week by performing 
tb* following: 

a. Discharge each cell below 0.1 volt by clipping a one 
ohm resistor across the cell terminals. 

b. Remove the one ohm resistor and short the cell 
terminals by wrapping a copper wire around cell 
terminals. 

Place each battery in a polyethylene bag and add an 
inert drying agent to exclude moisture. Heat seal 
each bag. 

NOTE : Battery Assembly serial number shall be clearly visible 

from the outside of the bag. 

d. Package each unit in a manner to avoid damage during 
shipment. 

NOTE ; For long term storage (periods in excess of one week) 
batteries shall be stored in a clean dry area at a 
temperature between 10 to 28“C. 


5.2 Marking for Shipment and Storage. - All marking on shipping 

containers shall be clearly legible from a distance of 36 Inches and may be 
applied by stencil, number stamp or lacquer over coated gummed labels. 

The equipment furnished hereunder Is for space flight use. 
All marking shall be blue In color and In addition, all shipping containers 
end shipping documents Bhall be marked as follows: 

"ITEMS FOR SPACE FLIGHT USB" 


5.3 Electrical Cycling Instructions .- Each Battery Assembly shall 

he provided with one copy of the essential cycling instructions which 
ahali be consistent with the reconditioning requirements of paragraph 6.3. 
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6. NOTES 

Intended Uae« ■» The Batteries covered by this specification 
are intended for continuous duty In electrical systems of the SMS satellite. 
They will be used in combination with a solar cell array to provide energy 
storage and furnish peak power demands. 


6,2 Definitions. - 

6.2.1 Battery Capacity . - Battery capacity is the discharge 
measured quantitatively in ampere hours at the specified discharge rate 
to the specified cell cutoff voltage. 

6.2.2 Cutoff Voltage . - The cutoff voltage of a cell is 
defined as that discharge voltage which represents the complete discharge 
condition of the cell for a particular rate. Discharge beyond this 
voltage would yield an insignificant amount of useful energy. 

6.2.3 Constant Current Discharge, » The discharge made at the 
rate specified until the final voltage reaches the specified cutoff value. 


6.3 Reconditioning, - Depending on the use history of a Battery, 
the responsible Engineer may utilize the following reconditioning procedure 
prior to any test, i 
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6.3*1 Reconditioning Procedure . ■ 

a. Discharge the battery to 20 volts at the c/2 rate (1.5 amps) 

b. Recharge the battery for 40 hours at the c/20 rate (0.15 amps) 

c. After discharge of the battery to 20.0 volts at the c/2 rate, 
place one ohm resistors across each cell terminals for 24 
hours. 

d. Charge the battery at 0.3 amperes for 16.0 hours. 

e. Discharge the battery to 23.0 volts at the c/2 rate (1.5 amps). 

f. Continue discharge to 20.0 volts at the c/2 rate. 

g. Repeat step c. then short each cell for a 1.0 hour period 
minimum. 
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SMS BATTERY DESIGN 213827 

AND 

WIRING DIAGRAM DRAWING 213828 
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APPENDIX C 


STRUCTURAL ANALYSIS OF 
SMS BATTERY ASSEMBLY 
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SHtJkJA CA THt P0U0IA/A4 PA AES, TAB BATTBAT ASSBAI&LY IS To BE 
FABtZlCATEt> CF A JUAAABSJUA4 pLLPT. DSSt/ZeAdU RAAABS PP SUES 
FCA EACH COMAOASAT OF TUB ASSEMBLY P/eBB ALSO SUPPUBD, 

JA OfLOER To FAEUITATC A B/AJPUFtEti AAALYSIS, CEBTAtA BASIC 
ASSUMPTIOAS ABBE MADC , A MO A 4 THESE AEBt 

/. TAB BATTBEi ASSEMBLY BBAJ4 SMALL AMO COMPACT NASA 
A I LA JJATVAAL FPeQUEACY OF YlBRATlOA - iH TUB EAALB OF /OOSOO^^, 

2. ^lACe TAB ASSEMBLY JS COMPOSED OF FlYB CELL UAlTS 
CLAMPED TOLETAeP, /ATEfCAAL FEJCTioA /S A/A A AMD 77 /£ SYSTePi 
BY A! Airs MCDEEATB STEUCTUEAL DAMP/ a a - OF TAE DEDEE OF /S%. 

3. /A Sfi/AA TAE VAE/OUS COMPOAEATS OF TAB ASSEO/BLY, EPCA 
CELL UAIT OF FOUR CELLS IS ASSUMED To ACT /ADEFEADEATLY AAD 
TAE .BATTERY ^ND PlATES A EE ASSUMED TO EES/ ST OfJLY THE LOAD 
JZ.efyUlfLBD To CLA/O/P TVB ASSBJUALY TOAETPEE AMD TAB CELL FAJLUEB 
LOAD OF ZSO fsi» 

A AY OTAER ASSUMPT/OAS iAA/CA 4EB MADE AEB SPBCJFjED kJ/TP/A 
THe PEPOET PEOPE/Ct 

TAB assembly BBS/AABt) SUMAlAEUBO /A TABLE / MLL SUEYlYE AA 

Ultimate load/aa pf 4b ^ a ad a l/m/t loadjAa of st < /a all 

-L/REcrtOAS AS A ELL AS A CLAMAjAA TOEUUE OA EACA ^POUPA 6dlT 
OF /s iH-U A AD A CELL FA/LUEC LOAD OF 2 SO j>sl, JAE F/AAL DeS/AA 
lAElAPT /S 7. A7E /6s. TABLE 2 SUMMAE/IES WE VES/AA STEESSES 
HAD FACTORS of SAFETY (F,S.), 7P£ M/A/MUA1 FACTOR OF SAFETY IS 
/./Z AAAlASr FAILURE Of WE BAD PLATE MA/A ^PPO/ET AES /A SPEAR t/UE 
To TUE CLAMP! AA AND CELL FA/LU/tC LOADS OA WE tPEfiUBA BOLTS, 

i ■■ ■ ■ ■ .V . ■ . 
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T^&LS /. SUMAiAHi Of 


COMPOME^t T 

TiiAiefASioA 

A'/ATepiAL 

cevL tupfaur /z/as 
(«/£6 

t *• • 05o tic 


FLAhlO,e 

t* . 0 55 in. 

MMllA'TS 

eNJ3 PLATtS 



Face flanac 

■k* . 015 t'tc i 

HM2IA-T& 

Mfilhi t^UPPOHr WEB 


AtyjACCf^r To Bolt SCATS 

■t* *215 iH> 

HM2iA-T& 

BerujEEhj s/t>£ MESS 

i « , lOO in* 

HM2IA-T& 

S/J)E M/EB5 

■t* .OZSiH*. 

HMlIA'Tfi 

M^WM1IA*T& 

THR.0OAH i>OLT SEATS 

JJ* , 500 »tfc 

CPtJtAEOTOR. SEATS 

St9 .i»>0in* 

— - .. .. 1 


Tacooaa Bolts 

\^•^B 

A\ 2014-T4 

TiC'BOiufA bolts 

l<»*52 

Al 2 o2A*T4 


t^6l£ z, tu/ii/1'f^/zy pp T>e%tA^ sipes^es /iAJt> mcToes of sfr£TV 


LOCATION 

ULTIMA rc 

'yiELO 

<ic tiwi) 

I ,F.5. 

Ci^detO 

F.l. 

CjELL SUPPoUT 

VJEB SACAP , 

o.A 

tlM 

0,U 

lo.oo 

’ K/£/3 TeASIOA 



2*(# 

fe.qi 

flanaf sfear 

\.y 


0.^^ 

15,55 

FLAA(,E ZENtHNO, 


l4o 

I5,fr 

U4 

FLAN AS. BEAR IN A 


15.05 

2.4- 

11.10 

CAJL PLAT£ 

MAIN SUPPORT NEB SAEAA 

IB.& 

\.»2 

5.4- 

Z.TL 

MAIN SUPPORT k/ee SENlANOi 

'ZL.If 

I.l4 


1.51 

SibE NEB SAEAR 

— 

1 'T*. 

to.l 

1.1^^ 

TARjOUAH bolt tension 

54.5 

\.l4. 

15.5 

2.5ft 

Tie -BONN BOLT TENSION 

MM 

1211 

HGBI 

1^.55 

Tie- BONN BOLT SAEAIC 

wni 

IBBI 

■EB 

».5A 


*4 
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o loAOS, co/t^i^oAJSAJTS OF. we. s/ns sATeLure aiust ec lies/AtJ&o 

To SUM.VNC S?ecinc> Sf^JUSOlOAL A4jj> eA^OV/tl yi&eATfO/A L0AD/AJ/f5 
AS iABLL TAB SUSTA/A£t> ACCBLEHAT/OaJ /jPAD/aJAS 9F TVi OIUNCA, 
TAIC SbCT/OkJ J>£F/AeS TAeS£ L0A1»AAS ^&TA AS (/LTtMAte A*JO 
LIMIT LOADS, Si/BVIVAL fF (JI-TlMATB LOADS /S DtFiJJBD AS MOT 
BKCteDlAA ULTIMATB STAtSS LEVELS, SUAV/^AL OF L/iltiT lAADS 
/S DeFiMeD as mot eaCBBOfMA yield stress levels, ,77JE 

FOLLOUJIUA LOADIIVAS IA£A£ O&TAt^BD FAOA4 AJlFeAEf^CE /. 

• SUSTA/MEb ACCBLEZATIOM LOADS, SUSTAlMCO ACCCLLIZATIOM 
LOADS OM EACA COMPOaJEMT ARB TM£ YECTOR SUMS OP TAE 
A;lAYilUUM LOAAITUDIMAC ACCELEeATtoM RESULT! A A FROM WE 
LAUMCH THRUST AMO THE /OlAiCiMUM RADiAL ACCeLERATioM 
i>U£ To THE SATELLITE SPitJ , THE AAAKIMUM LOMAITUDIajA L 
ACCELERAT/oM !S /L.a q's FOR ULTIMATE LOADIMA AMO H.2 TOR 

Limit loadima. The mak/mum RAO/al Accelerat/om is c.sisr q'% 
FOR ultimate LOAOIMA AMO 0,S44t <‘s FOR LlA4lT LOAOiMA^ ^ 
kJHERR r fS THE OtSTAMCe OF THE (SaiROMEMT FROM THE SP^M 
AVIS A4EASURE0 /M HJCHES, FOR STAMDARDHATIoM OF SOSTAlMEO 

acceleratom loaoiMOiS oh All coMPoMENiSf r has Seem choseaY 

AS THE MA/JMUM TUSTAMCE JO AMY CoMFOMEMT , Atf. SO m, (/F 
THE ReSULTIMA LOADIHA IS TO SEVERE AMD THE POSmoM OF WS 
Com PO MEAT !M THE SATELLITE HAS BeeM FILED j THE ACTUAL 
IDISTAMCE MAY HE USED /H COMPuTiMA THE AlAXHHUM RA'PlAL 
HCCELERATtOM,) ThUS_ THE MAM MUM AAOtAL ACCELERATwM 15 

/f.6> j's FOR Ultimate loadiha Ahd /SJ^s for limit lo a di has. 

THE RE%ULT!MA SUSTAiHED ACCELERATfOM LOADS ARE tS.Sjt ToR 
ULTIMATE LOADIM/i AMO H-Z Si FOR LIMIT LOADlHA. THESE 
loads must be applied impeach fp THREE UeTHOAOHAL 
DIRECT! OHS With a DURATfOM OF OWE MlHCrpE /M EACH D/RecVoU, 

• ^IHUSOIDAL VI&RATioH loads, SlMOiOlDAL YlBRATlOH LOADS OH 
each COMPffHEHT FOR ULTIMATE PHD LtMiT LOADlMAS /^/e£ 
TABULATED OM THE FOLLOlHiaA PAPE FOR VARIOUS RAHAES OF THE 
EKCiriHAi FREQUeMei. 
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T/) 6 LC ‘StAlUSOIb/iL LO/ibS 


b//ZtCT/PA4 Ofi 

excirAnoA 

FReQoehiC'^ 
RAAAt m%) 

^ LC^eL 

out ! MATO 

y/cLb 


S ” to 
to ~ “Zo 
to - IPO 
too - too 

TOO-^tOpO 

(4.0 

i.o 

. 2.0 . 
s.o 

.i"aA, 

2.7 

.7 

3.5 


if - H 




n - n 

i.o , 

1.0 


n-z3 

7.0 

4.7 


^d-ai) 

12.5 

&.5 



15.0 

t(».7 


ko-Bo 

».o 

5.5 


BO'tOO 

5.0 

2.0 

— -J 

tpo- tppa 

9.0 



• /^ANbOA/t Vf&ltArio*J lOAhS» RAtJtiOM V/SR/iTfO/J lORbS Ofi ^MCH 
6i>44R0*J^U7 FOR OLTlMfire LOAHaJAS /!££ TAaC/lATeO BeiAM/ FOR 
VARfPOS RAiJ^eS OF FAECpUet^cY, 


TA&Ut 4 . RAhtoOM Vl6RA~nOAi LOAbS 

FRtiOUeAlcH 

p^t> 

Acc, 


RAUAe 

WMo) 

fy - roti ) 

bUFATiPfJ 

20-4^ 

ROLL-OfF 


4 Attm/rei 


B€L0\A 4O 

1 

atcM AZIS 


AT £ATC OF 

1 



(pd&hcTAit 



4^0^300 

\lB 

• • 


&06 ** 60 ^ 

Fjoll-qff at 




RATb PF bdt 

1 



Pee. ocTAiB. 
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• ^ <?/£•/<! a; /A/(^ LOAb$, THC L£f/)D/AJ4 ^Of^e/HNS TNE 2)LE/4 aJ 

77/£ SMS £4rr£/ey ASSE/UdLi SjHiJcruM l>EPtAJbS aPOAj TPC 
REZPOt^SE e>F TPe STPOCTO/ie To 8(TT77 S/siUSOtOAL RMO 
J^^tCtTATfOfdS. THAT fS, 7^^- ACCeLEApTlO/J LOAbtt^A, 

FROAi TT/ESe. BXC/TATfOJJS AAA 7 SB CPfJSiDEBAdLY R/ARBB TMAaJ 
THE SU&TAtfJeH ACCeLEBAnoH LOAt>fUA‘ 


F/ZOM HUATt AfJd BUAtHSTBlH (B€F. t) THE JBESAOHSe OF A 
STBUC7UB.E AAOt>£L£t> AS A StHALE 2)E4Jtee ~OP-FBee£OM SiSThH 
SuaABCT£t> TO A S/k/USO/OAL FACtTAT^oH • F ^ /S 
4i^eH 8/ TAB FOUOM/HA FopAiUUi t 

Wf/2£ R(JL) IS TAE SiSTBfA MAAWFICATIOH FACroiB, WiS TACTa A 
IS SNBU 8/ 5 

H(il) ' » j 

I - (-^/w)*4 U(^ 


VJABEE CO IS THE NATOBAL FjLe0OBHCH dF TUB S/STBPi AHO ^ 

/S rue AMOUHT 9F STBOCruBAL bAMPHAS /H 7H£ SiSTeM, 7A^ 
MAtU/HUiUf VALUE AF THE MAPHlFlCArtPHl FACTFP PecupS AT 
Jl-s CO A*JO IS : 

WCw'i ■* J- . 


77IB AATUFAL FFetpUeHCV PF TAB SATTBBY ASSBttliSLV IS ASSUAiEO 
To ue !H THE BAHAE OF tOO 70 ZOO He . TAB STBUCTUBAL TiAAiPIHA FOB 
THE ASSeAtdLH. IS ASSUAIEb TO SB IS%, OA ^ «•/£’« 


O&SEEVfHA FBFA1 TAALE 3 THAT THE MAXIMUM EXCtTATiOH 
ACCCLEBATIOHj F, /a the PAH4E OF mTUBAL FE&fUBACtES OF THB 
SSSreM IS \ , V 



THE MAKJAIUM B.BSFOHSE ACCELEEATlOHS ABE 7Ht*J\ 

’ V(.OI»)*’ • 2«.t j Fob UUPMATE LOAHMAS^ 
^ Fob LIMIT LpAPlAAS , 



nioA! £a&^AJSTe/^ (jzer.t) the ^bc^om::e of 

A ^Tf^cicrui^E /i^ObateD AS A St^ALC t>tAF.ee^OF- r/tsei^oAi sHTu^^i 
^a&^ECTEb ~n> A itAhibOM Bkcitatio/4, /U), Ai\/e^ Hi the 
Follouj/aJA Tofmula : 




(si)^Sl 


> 


WJJ£HE iy(t) /S Tt4£ MEAfJ ^QUHKJL flESFOtasE ACCELEFATtOM AaJO 
Cj(JZ) /5 Tt-le FOU.JEF. tFECTFAC 2>CtJSiri FUAJCTIO^ FF the eFSrOAjiE 

ACCeLEEATvAJ HaJD /S AiUeAj by: 

• • 

AS A60t/E f4(Jl) IS THE Sisrem AAAA^/IFICATIO/^ FACTOlE , /(j2) 

IS THE POUJEE SPECTAHL Z>EIJSITY FVhCTKPA PF THE AHkIDOKA 
EUClTATlOM AECELEEATtOtU , 

AAAlhJTHIlAIMA% THE ASSUAIFTIOaJ THAT THE NATURAL FEe(?UEHCi 
OF THE SYSTEM FALLS /a7 THE EAfJAE OF 100 TO 3oO He ^ THE 
EACITHTIOH ACCELECATIOaJ POtHEE tPECTAAL peHSIT/ FUHCTtOAj IS ’. 

it 

^iJi) * ,K^ ^VM-t ^ \EO ^ IL^ -^o . 

THUS THE AAehH SQuHEF EESfOHSE ACCELFE ATI oH IS : 
uHt) - J_ \ .18 dJl -» 4_i2.1 * L4-)Lzpo) a 2^^ 

THceefoee THE Hoar AtEA/u s^oaeje ( / t) AfsPphse acceleeaTioH 

IS : 

^vj ^ ^ - |(».0 

THE STEUcrUEE kHLL &E AESIAHEO TO IHITHSTAaJQ A ST, 9fi. 

4®^ ACCELEEATIOH L0A2>. 

COAJSEipUtHTLY THE A0^eEHlHt% JLoAbS FOE r THE tiESIAHl OF THE 


iHTTEEi ASSEM&LH 

SrpUcrOEE AEEi 



f Foe ultimate loaihha, 


A HU mAT ^ 

J FOE limit LOAtHKiii, . 

’ 


i 
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o MpiTediML^, Tim secrtOAj gf rue. ^cpoat p/ieseMTs we pphupl 
M ecMfiAitcML ppopeenes £>p we pipreetpcs (/seb /n rue sais 
i^ATTtte'i AtsseMtAOf zreucryite, wese ppopeiwte^ Neee fi6w/ijeb 
MlL-Pb^K’SA (<er. j) PAJb Ag£ SOPUtfAiilieD &eix>i*j. 

• MAAAjeStUAi, W£ AiNPLSSIS PfULiCAiTeb /A/ TPH /S/TPaeT /S 6^SU> M 
USffJA A/IAAAJeSlUAi MLLOi hMtiA U//W A TS HEAT TAEATMtAJT Fog. THE 
PLATES OP Wt AiSEAlALi STAOlTyge, TAiS AlUV MAS SELSCTEh BeOAOSC 
£>F wegPtAL coHSibEKAnoHS, THE pEOAtHTte^ df HAiVA^TS Ane 
ANCH /AJ TASCe 5 . 

' « ALUMmuM, n IS geccMAiEKiticb that aluaaihum aluy zotA tniTA 
A T4 Heat taeataieht be ujeo Foe we tnAouah bolts aho t/e-oomH 
b6lts 6F we ASSEAHUi sTgiicTvee, this gecoAtAAenpAT/oH /s easeo 

oh the KHOMH AVAILAEILirf OF SUCH BOLTS, (WEttE tS SOAtE 2>0(/STS 
AS TO THEIE AVALAOlUTi M At A AHESlUAi.) THE FEOAEETlES OF 7H/S 
ALLOY AAjE A/YEH IH TAAUt G* 




B uuah^HTS, roLLau/fJA vjent^T e-tr/z^^Ttz ^tue 

ofJ ^^s(z/tf££> z^Lztre Ttvzczoztss&s F/t4)/ui Tz^e ^uz^z^aeb 

OF me.Z. kzefAFrs of TF£ F/LFtj w/£/A//t,ey<. 

izjet^c -iUFFueo -t3/ /dozJ fffs. 


^/}TT£Ziy CELL AhZh ILUFFOFT RitS (S £ACU) 


ceLL^ . (4 FT . 3£0 /f>5> . . , . 

SUFFPt-r Rfti M£a 

# 

1,4 it tbt 

♦ 

(s.0Oit*'*X z!T .0^4- ^ci) i 

• 

1 ,01^ ■" ’■■' 

"SUFFOEr FiS FlFZU4£ 



(5-00 in* X ,p 4 iM. 47 ,e(f4-xti) , 

h 

,0!V 

SUF/^otir OLOCXS (£ AT >PP^Vo%\ 

t 

, ooz 

MiLFK ncM . . . . . . . 

0> 

, OO0 

VZifUFlh . . . . . . . . . 

• 

,ce>S 

FFltJJ . ... . . . , . . 


, O0& 

SOe^TVTAL . . , . . . . . , 

• 

l.40h lbs X5 - 7.^/5 /^* 

AaTTEEi Ezjo PLare. (z e^f) 



EAJD FLATE FL^UAE 


i 

(&.8oi.i*^X .O^nt, AT ,F04^c4).» 

s 

.on tbs 

Eajo PLATE 



X >P(* (H AT UX^A-p^-L } ^ 


. oOS 

t^OLT Seats 



(.S(0 »«-* X .375 iK AT 40(04 

• 

,0! 3 

Cout^ecToiL seat 



( .0^ Ck* X • tStK AT . 0(04 pci \ .; 

• 

. ool 

T7E~bO\0jM &OLT TA& 



(.30 i‘K*'X t04 Tk AT »Ot»4'pcij' 

i 

, e>s» / 

CoAik/ECroiC. . . . . . , . . 


. OOl 

PAikiT ...... . * . . 

•, 

,0 0(0 

Sij & Total » • . . . . * . » 

i 

,009 fbt X Z * . ItO lbs 

TPRFUA14 &OLT Cz eACM) 



.iiik^ X /ho ik AT 0,1 Zh% . . 

0 

,0H /i»> X 2 j* . OGZibs 

BATTBAT total VimAHT (less Tie bOMM ^OLTS) , . . T.LOllU 

•-m- : 
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e STHC.SS STRESS ^AJfitVSIS kJlLL BE PafifoAMeU fi/( TUC 

CrUUCTUiat of T^C SMS SATTEEy ASSBA16LX BR-OKLAJ UP /fJTO fOUF. 
CCMfOt^unS : RATTEEi C£LL SUFeofi-t /S/6S^ THROJAH ^ALTS^ tPTrtAi 

e/Jt> pcP 7 es^ A^m tie-howaJ bolts, pjt. sttaess fcA bach 

OF 'TMESe COdAPOf^etiTS /5 P/LESetdfBO /M 7*///S ZECrtO/^, 

• 3FTTeHi ceu. SUPPORT >g/fls. FOA T*dE PU/ZFfiSd fiF Stt/AJA TP£ NEB 
At^o FLAHAS OF T*dS SOFFaFT FtB, £ACM dF 7?/^ t/AdfTE M/LL £€ 

ASsi/Aoei> TO ABSPc/JD /K/Depe/^t>e*JTLi , Tve. olfmpima effect ^f tvc 

T'F/LQUAP BOLTS M/LL S£ MCALE&TBX), t>€TP/LS OF TFC SUPPOCT 
RIB FAB CNOMM /M T»e S/LBTCH <W TF& F0LL9IU/MA PPA£, 

0M£ OF TNC FOLLOM/k/A LOAbZ AOVBANS TUB TF/OKMBiS FF TFC 

NBB of TFC SuPPoFT F/& ; 

/. ULr/AOATE LOAOPJA OF 4*^ /// 8-t>/A£CTlOd4y . ^ 

z, LlAOn LOAOuLA OF 32 ^ / a 7 i-O/ReCT/OtJ^ i , 

3 . ULT//^ATE LOPO/FA ^ 1/^ )C- b! RECT/OF ^ . 

4. uMir load/ma of 32 ^ /P K-t>iRecjioi4, . 

A55(/MIkJA that THC support blocks LPCF/aJA THB CELLS 70 THE 
SUPPORT AtS TPAHSFeR THE LOADS /H THE Z'D/RECT/OKi To THE MEBy 
THE CRITICAL SECJIOMS OCCUR AT THE EDAES OF THE SUPFORT BCOC/CS, 
THESE SatnoHS ARE AOHR/CED a- A AMO h'b /M THE SReTCH OM THE 
FOLLOktILlA PAAE, the TMO EMO SUPPORT &LOCRS A Re ASSOAItO To 
TRA/^SFER S0% of the total load AMD THE CEMTaR SUPPORT &LOOC 
TO TRAHSFeR the other tSO%, THE LFMATH OF SECTtOAf A-A, /5 .55 
AMD THAT OP SEcnoM b-t> /S ,L0 in,. THUS SELTIOM 6-6 IS CRITICAL, 
ASSumHHA that the ME& IS ,OSO in, THICR , THE AREA ReSiSTlMp THE 
LOAD IS .DIB t'K\ THE MEIAHT OP THE CELLS IS /.4H lb%. 

For. the ULTIMATE LoAD/MA OP “43 ^ / THE T^MSILE STRESS IM THE 
viEB n ^ 

^ ^ ^ ^ 3,^ RR 33 ic5t« K3 ® 5,AC, 

A . o »» * 

For the L/MHT LOADIHA op the T^SILE stress /m the mee is : 

ft - ^ <•< F.4.- (.Ar. 

A ,0I» 

- It - ■ 
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rm LOrtDIt^AtS /// 7H€ ^-t>{HL£Cri0f4 <esiST£D Hi r*J£ we^i 
ACTItJ^ /A/ SA^CM£, TNC C£.ITIC/IL S£C7tOf4 f!T 7VC rLAfJA£. OF 

7>/£ "SUPPO(Zr R.I&, TPe h/£/APT CC^tFlHVTt^A 70 T^/S Xi^CFP. 

FOPD /S 1.4^5 li>s, 7M£ LeMPtTH pp we. HieB ABUSjthdtt we COP D 

/s 4 .(f 0 ih , . AssuMiMi, Tpe noee is ,vs$ t4 tpisp , tns suepp. 

FBBP /S ,nt f)»* 

Foe TVS vcTiMpre Lopt>mtt of 4 #^ , rue snepe sreess iai we 
K/ee /s : 

Cfc • ^ , C3^C4>U>A^g) « 0,H k^i « IV k.»l, F.5.* 2%.^5, 

2A (ZX.»1») 

Foe Tpe iiAiir cop pi up of 52 ^^ we suepe sreess iaj tps 
vieB IS ‘ 

<r-s » ^ - ipmuiPue) * o.ut^v « f,«.* u>co. 

2A (2){-»^8> ' 

TPUS P H/£& TFICFNCSS OF ,0S0 in, /S PPeoUPTC, 

Tye w/oepcst of rpe flppab of tub suppoer p»b is poy'aeMeo 
BY Bei^piAjp oe spepc sreess pue to coppiaips iaJ tus ^'Pieecrio4 
CP ay iepe/tJA STeas of tpb ve-Oouju bouts t>ue 70 loppiajaiS 

lU TPt }C-Pie£CTlOA4. 

Tpc ceivcpu secT/oPS op rye fcpppC ip B£pP'PA App spepn pee 
AppeKep c-o Ip 7ve sucTcp op we peevioos pppe, we lopds pee 
perseMipep By pssufppA tp& /u& to Be p tepop pippcp Pt tpc 
cep Tteci Pies OF tp£ ti£-boi*/p bolts, tpe spepe load is thus one- 
PPLF TPe Total load ppd tac sepDipo, aiomcht IS this load m/Th 
P ceuee abm of ,?s iVu, 7H£ ceppTH of secTfop e-c is ,75 /a., phd 

PSSUMtpp THAT TPe FlPPP£ IS .040 in. THtCP W^ SHep£ APeP IS 
.03 PPb we MoMePT OF IP ecfip of TPe SeCTioP IS 4,Ouo'^ tk^^. 
THe k/eiPHT eoPTP/SUTiPO, To we CppDlPA tS f,4$i /hs . 

Foe pp ULTiMATe COPJHPP OF 4B^ IP 7V€ ^-VHCeCTtoy ^ WE 
spePB swess IP we flapac is’. 

CTi m ^ , X3X4g)(.»)0A6*^ » k^t, F.s.« Il.(r5 

2A (CH.oj) ^ » 


- 1 % 
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T*^C tiBAJOIMA 'ST<Cii 75.’ 


(Tw » Me « (4.0(.S^(l.A-6^H>^^)(.o^) • 44.(*lui’V5iWi ■F.^.s0714. 

ridi^^iS. r^JicKhJcss /Uust £e Mcce^stn. 72/ jt 7V/c»^f^L:>c 

£>f" .ois itt. TVB. iMoniefJJ i?F ineitTtf^ /s T^e./^ f« A' ic'*^ tmt 

ST^est roiL rue ourtM^re, LOAintJ^ is : 

^ - C4pV(.sH » 4 .7sH.eyi5^ ^ IN»' < F.ri.« 1.40. 

I \d.4* »«»■*' 

roa W LIMIT LOFDOJA fif 52^ M TH£ -i ' DUteCTlOA4 , TVE SUa^€ 
s>mess M rue. FuauAe is : 

Tv » s (■^Wi^^^.4U>v448'> .• o41I4J << la F.S.» 1^.45, 

a A liX .o4»l5) . 

/»A^O &BaI2>IMA STAiCSS /S : 

<Tb ■« 1^ * i.4ftgX.i4X.ori5\ « < lofcil , F-s. - U4. 

ASSUMING TN^T TF£ VE-D0Uf4 HOLTS F£E , U M t>/AA1C.T£^ , 7V^ 
BEFfUNL Afi£A ee rue FLA^iAe FesitriAiA 'me loahiuas /a/ rne 

K-i>iiz£crioAi IS ,010 ?x*, rne mciaht Ci^^iTFieuvAiA ro r^e LoAnmA 

/5 IH* ANO FACH &&AeiUA AE6A ASSISTS OMS-HALF THS TbTAL 

LoAtS. 

Foe AN OLTlMATC LOAmJA OF 46^ M TAB IL-TaBBCTiON , TAB 
BBABINA 5T2C55 ON TNC SUAPoeT NIB FIANAB IS : 

• 2. - (48>(.^H l-4My 5,4 k4C « 41 F.5.* l^.eS. 

A ,oto 

roe A LIMIT loaoina of . sz ^ /n tab x-tutecnoN ^ tab HeAMNA 
sreess ON rAe flanab is 

■» S- g , 2.4 (Hi -« ksi - f.£.« 12.10 . 

A .on * 

TACIS A FlANAB TNICNABSS OF ,CSS l>u /5 AD€<POATS . 
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• TNfL00(t^4 BOLTS, TVC SH£ OF T^£ T/^g.0U4H HOLTS /S 0^7€F>lf/Ajp.£> t'f 
r//e TeNSlLE, STILUS bBVe.LOPeb £V TML V3TLQUC APPUBb TO TPIB Hot-J 
£'/ TiJtS S7£BSS PLUS 7)je JCNSIdL sr<€«5 bQE Tb TUE LOAb CAt/SBb M/ 
TUB FAILURE OP. A hAtTEFi CCLL. FAoM l2£peAeNC€ 4, W€ tOtT TEFStLB 

rOECE^P^ /S At'/Bk! ty TPt nULMtyiMA FOAMUbAt 



yyutB.E T /S TML APPUBb TbEQUt M K /S TU€ TOit^OE COEPPiC/BAT^ 

AfJb T> IS wc mutfJAL hour hiAMtrrBA. w <.h, 

Dje TOl^QUB COBFPICIBhir , K, NfTA UOft-MAOS IbAi SUBPACBS AaJO 
/<JOtAlAL (/ULUBEICATeb tOLT Af^D A/t/7 OSUALLi AAS M VALUE OP A do UT 2.0, 

A'SSUMfAA A lO-St ALUAAMUAA (zot4-T4) BOLT Ag * .02 tM.*) 

A Tib Af^ APPUBb TbA.Que dp /s'lW-^y 7U€ Bolt TtAiS/u Potct /s: 

P ■ s 4oo 

TAB TeNSlUB HTAESi /% TABU', 

0\ » £. a 4oo « ZbA fesC ^ 4« ksv, F.s. ■■ 

,or 

AS%U/(A/AOt TPAT TVe CAT/PB LOAb bUB TV A CELL PAILUBB (p~lSO^ti 

DU AU PtteA , A^ OA V^iooo iLt) 4oes tUTo oue Bolt, 77/c LDAb 
DU TUB holt /s TUbU t4co fbs Aub TUB TeusfU STAess lit 

Ct » Jt- » iif£ • no.oit<< >(0tkii , r.«. «o.e<!. 

A-V ,91 ' 

ruus A lO'lZ bolt /5 /UAbeQUAfe, TZY A fZ’ZS ALUAHUUA4 (z&zA’TA) 
Bolt (b^ ,ZKt in, As ~ ,02SS in*), Poe 7UC ULTtAAATB loAb OP i4oo 
TUB TeUSiLB STBBSS /s : 

(7t ■ 2. • lAoo - k.si < lt<v p.s, • i.iA. 

,0X^9 

FOB. TUB UMiT LOAD OP 400 /hs ^ TAB TEUSILB iTBBSS /5* 

- 2. •* l0£ - L 40 k^i F.S.* 4.5ft. 

A* .0156 ' 

Thus a h-zb alumiuum zczA^tI bolt ts Abe<?uATC, 

-Ift- ; k 
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« e^firracK ekjh plats , rye BATTSfti BAJb plajc /s 2-€5iAf^€.L> it> 
^'//twst/^avo emie.R r^c coAh^^ tt4bucet> ay 7»e. CLAA)f=>i^^ ncTfoM 'me 

mPOUAH hOLT^ Ahiti T*/a PEStSTtA^JCe CP -ntt AATTCRY CELLS To TNIS 
CLA(UPiaJC\ ACTtCtJ^pR. LOAJ>S PLUS T^C LOAHZ P.ESULTI^J A TTvPI 

A FAiLuLLe OF A CATTecY Cell, Ttte em plat€ /s ccajfujco af 
MA fllOOS COAfPOK/e/JTS : face FLAMAC CPAAALLEL 71) PLAf^c), MAn^ 
•S(/PPO£.r k!£& I PARALLEL TO pLAMC), ^U>E MCtZ I PAPALLeL 7» K-l 

PlAaJe)^ TUPOUAH bolt scat BLOCMS^ CA^MCeTCe. scat tSLOCKS , A^b 

77£-1>9IAaJ BclT tab (StiEO TAE SAME AS WE CELL SUPPOFT C/E FlAAAe), 
mrAtLS fF TPe BATreeT FAJD PLATE APE /Aj WE StLCTCA ON THE 

FOLLOyU//A^ PAAE. PPOM A60VE WE FoECE /N BACA TPPOUAH BOLT tS 
-loo fits OE TPE FoeCE /a! CtJE £OLT LS f4-00 fbs VJiW 4-00 /is W WE 

OT/JEE , TPE CAAiPOFfEhiTS UJILL 6E PBHAMEQ SO TNAT ALLAUFAdLE 
Y/ELO STEESSES AEE AJCT BXCBEOEb UfUbBE WE TOEQUE LOAb AKJb So 
TAA T ULTIMATE STCESStS AEB NOT £XceEt>EO OMbEE WE CELL 
FAILUEE LOAb plus TNB TtEJ/UE LOAb, 

WE FACE FLANCfE ts SJZEb ASSUM)/JL$ WAT ^0% OF WE CLAMFfNLt 
FOECE fS UMIFOE/ALY TUSTEfEUTEb CUBE fTS AEBA . W/S IS CfiNSBJtVATiVE 
S/aJCE most of we LOAb N/LL BE CAAEIEb Bf TNE U/EBS OF TN£ BNU 

plate and Since we staenc,tm of we u/alls of we battbey cells 

V4lU Be NELiLBCTEV. TPE PESULT/NA UNIFOEMLY 2>ISTE/6UT£b PEBSSUEe^ 
fS 20 ftsL, WE CEITICAL A EBA fS EOUNbEb BY l/NES CONNBCT/NA POINTS 
a, i>,C, AND a! /N TAB SKETCH ON THE PEBVtOUS PAAS. ASSUMlNYi WAT 
7/ftS AEEA fS A FLAT PLATE FfKEb OH WEES EbAES A NO FEBE ON WE 
FOUETH , THE FOLLOhfitJA FOEAtULAS FEOM EMFEEBNCE S A /YE WE 
/iAAK/YWJAA BENO/HA MOMENT ANO bEFLECttON OCCU/EA/NH HJ WE PLATeS 

•= .od6rr 

A-Hb = . 00 ^ 4.1 , 

"D 

mEE£ K /S THE LbNATH OF THE ZHOET S/bE ANb b PS WE FlEXUEAL 

p/Li/b/TY OF THE Plate AUb ts 4/veti MYi 

^ » £t> . 
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Tue zTccss IS tfi 


r0€ TNtS PL^Te. AUb MATe.e.!AL\ 

(X » Uo i;(/v j E » itf.SMo** I V * 

HSS(/A4tH^, TU^r TN& FLAt^4C IS \ 09 ^ CM. ^ 7U€ FLttUltAL 

MiAiony /s : 

*b ^ •« iW'in,. 

rue stress IS ^ 

» C6>VC .oftyiHxoVU^^ ^ \k.*i\sL < Ift iKi i . , 

;■ ; ; ■ .. _ 

4AJt> -me. MAKii^UM peFLeCTIOH /I V 

- (. 00 ^ 4 - 0 UoX»S^ a .OPT in, < .oio vh, ALLOvUAftLt, 

T^US W FPCe FLA^e TUlCMAJtSS OP ,075 lt\ n AOeCfUATe, 

nie. sue cf the maikj soppqat heb is deteeai/ajed oaje of the 
mo FOLLOi>jm^ EEipOlllEMEMTS ! (l) THE AElLlTY To CFeE'/ TPe LDFO 
FPOM WE WEOUHM BOLT SEAT BLOCK U4 SHEAR. WKOCIAH SECTIoiJ e-E 
(SUHKKi P^J SKETCH OAJ PAH£ n),PH Iz) WE Atuns TO CARAY THE LOAb 
VlHthi ACT/HCi AS 4 SlAlM AM (HE41£CT/HA WE SipE WEBs), 


ASSUIWM4 WAT TAB TAMUAH ^CT SEAT BLOCK IS .SO tX LOnA 
AAIO THAT We IKEB IS .22 Sin. WtCK^ j^e SHEA K A AKA IS .0119 iti\ 

FOR wc TOM^i/e LOAb Ip=4ooH>%) we sheak stress ih we 

\AE& IS I ■ 

»• « M lt<» < izfe^i , F.s - 1.21, 

lA (?-)U‘'»V 

FOR we Torque Loap Plus tac cell FAiLuice loap (F*i4oP/ht ), we 
shear stress is : 

^ * |S.» <t«c K 41 iMi , P.«, • j.ll ; 

14 (Z.)(.II.1) 

c-20 OF POOR QUALITY 


4Si(/Ai/AJ^ THAT T»e SUPPORT fZ JC0 ftt T»iCK Scrf/Eez-i 

TVe SiJ>e NB6S , 77/£ MO At ENT CF MEET 4 CF TPE \NEB ACT>NCi 4S A 
BEAM fS CALCULATEO BELB¥^. 



% * .Ofttto a ,54it*i. 
•»5, 

s^ 

r * . 0‘i4l 


7?te CLAMPtNA, U)Ati ONtFOAMCf DiSTA/BUTED f¥E!t TNC 4<0 itt, LENAVI 
PF 7N£ wee ^it/es A ioao , -vr^ (t)(4oc)/^9, uol^fiA,, T^e aesoit/n^ 
MAXIMUM BENbtNAi MOMENT ANO STAESS AA£t 

• (^too)C 4 ^* « 400 iH-lt, 

S A 

AMO <r-^^ -ft ^ • telLlllii • < 16 * 1.51 . 

X ,ot4l 

7NE CLAMPtNA LOAB PLUZ IVE CELL FAILUAE LOAB UNtFOAAfL)/ 
2>tzTA/ei/reo ovea tve wee anez a ioab , jsoo/a • 4so fW***,, 
TNE HeiULTlNA AIAX/MUM eeNOfNA AiOMENT AND STAFSS A/ZE,i 

Mvm«^ * 'V£k' *(i5oMl'’ ■« 

6 e 

ANO ^ ■» -a < 53 lit^i F.3.= I.l4. 

X .014T ' 

TNUZ A MAIN SUPPORT Wee lyiCM^AjESZ pF ,2xsTh. AhJACENT To TVE 
BOLT SCATS ANb CF . tOO ih, tETWEEN TAE SIDE N£8S t£ ADEQUATE, 


TAE size of TAE side WESZ /S DejEPMlNED &Y THE /LEQUIPEfifENT 
THAT 7%/E WE&Z CAPtli JVE UNlFOPAlLi JHiTP/BofED ELAMPiNA LOAD To 
n/E At AIN SUPPOEt WEB /N SAEAP ACpOSS SECTION /"/ (SAOWN fiN TNE 
SALETCN OaJ PA/iE / j), 7A£ CONTeidOTlNH A ASA OF LOAD ts i.O xh X hiSi><.^ 
PP l.iS A/ND TN£ LOAD fS fOO ftsi , TVUZ TME SNEAP LOAD , To BE 
CA A/UED IS /35 ibs* MSSUM/NF, TPE WEB IS ,02B iK TNlCH , TFlE SNEAHi 

AfLEA TEANSMtmUh Ty€LMD lS ,OZ^,iH\ \ 

• ' . .1; ' . ' 

i 
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7V£ sNeMfz 75 ; 


^ ^ * \0»\ 1*1 Itiv , F.S. -s |.l<^. 

2 A f^U-oio) 

TVc/5 /I SfD£ WEB 77-HCf^MESS OF ,OZS ;’>u /S ^DCQOMTC. 

7ve rneouAH bolt ie/rr qlock is A/oMi/j^ui sheo /is .top /v< Lo/jiii, 
TUC COaJ^ECTPiI S£*IT tiLOCK IS I^OMlUaLLi SItBb AS .ZSO tk. tO/J<S. 

• Tic-t>opJ/J Bolts, tvb Ti£~t>0M/4 bolts abb siteo t» rjbsist tub. 

roLLOv4li^(t TP^O LOAm/JUS M BOTH TBHSIOaJ AMO SMBAB CPMSIUBfV/t^ 

TUB eMTIte. BA7TBB.i ACJIHA /fS A UMiT (\Mmi TBM BOLTS ACTfMA) OA 
CO/JSlOeUlMA ^ACM CELL ASS BMBLi ACTIMA AS A UMIT (iHlTH TMO 

Bolts acvha om sacm). 

/. OLTlMATB LOASIMA OF 4B p 
2. LIMIT l-OAOlhiA OF 32^, 

TAB MetAHT OF THE BATTeiBi ASSB/HBlY IS 7,AA0 /l>i MMb THAT 
OF FACA CBLL ASSBMBLY tS i.43B ils . TAB Ai A YJA1UM &0LT LOAD (/M 
BOTH TeMSIoM AMB SAeAA\ IS TUB ^BCATE/l OF 7MB TMO FOLLOlMiMOt 
LOABS\ 

?, * 7.ULU 
lo 

OB Px * 1.4Bg Loadima) ■* .144 LoadimA), 

THUS TAB iPlAKJniUM C/LTlMATB LAABIMOt IS 30,7 /b^ AMO TAB MAY I MUM 
LimT LOAOIMA /5 T4.S IBs . 

FBOM CB-FBAeMce 4, TAB TBMSILB LOAO^ AMO 7MB SABAH L3AO,fy, 
)MAICA 4 bolt Cam C a AH i AHB 4NBM Ai TAB FoUOMIhtA POAMULASl 

Amo Pj - ^ 

, mBHB cr^ /S TAB MLLOMAdLB TSMSILB STABSS^ Af IS TMB J^MSILB 
STABSS abba , flj IS TAB AUAOJAALB SABAH tTABSS , MMO 4y IS TUB 
SABAH. ST BBSS AHBA* 
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L«MDU 4 A) « , 1 UAUI^ lOAOtMb)^ 


THAT Tve, r/f-dOA/AV hOt,TS A AC ALUMit^UM 2024 JC 
/O’iz ^ocTS , TA/e roLComihtt^ MT4 VJAz oCTAtfJCb rucM certutAuc 4: 

As » . o'i-oo i*y^ 

Wk/ 0 Ar * .on« n*v'. 

FOA THC OLTlMAre LaAblf^f% fif 3A.7 iks , TUC TCAAtlLC AFO SFCA4 

sr>ee$ses AAe\ 




^ » 

As ,0X00 

1.^ ItsC 

« l^sc^ 

F.^. * 

17.45, 

AFb 

(T^ - 

*Po • * 

Ay .0»*I* 

7>l FsC 

^\ , 

r.s, ■ 

10.00 . 


roK, Ttte uLTiMAre. toAbiFt, 9F 24 ,s ils, T^e reFstce 4 fa sfcaa 
C rAASStS AACl 

^ m <X|Afc.5t . F.S. •■' 

h% ,OZO0 

AaJo ^ • tA.S « l.ih-sC ^ FiS. * 

Ay ,oil^ 

Tfus Tue Tte-boiAhi ^ovn Aee SfiecAS to^iz AtuMiFUM 2074-71 iotTs, 


I 
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c Fff^^L ^>£J/4A/ 'niE F0U.9M/JJ(i ¥4B!CtHTZ 4*i£ 

THE F/AJHL 2>£S//fA/ StZ)AJAZ. 


1.4-32 fls 
,015 


bATTEE^ C£LLS A Alb 5UPP0AT R/€ {S‘ E ACM 
Cells U at ■ 355 /i>3 ) . . , , . , , 

SUPPOCr JZI& MEQ 

iS.OO i>\^ X .OiiK, AT ,C(>4- pci) • •< • 

suppofiLT me faaajae 

(s.oo in* K .OSS i*L. at >0^4 p*i) • . 

SOPPOUT BLOCKS (3 AT •OO0T fL%) • . 

MiLAX FILM . . .oob 

y/UZUJA . ,O0B 


,oie 

,ooz 


FAIUT • . 

SUBTOTAL , 


• • 

• ^ 


,O0 5 


1.450 Ihs X 5 * 1.440 iks 


BATTBSLl £AJP PLATE (2 eACp) 
EMU PLATE FlANOE 


(s.ea in* X .OZSin, AT .044 pci) 

• • 

• 

,0l4 lbs 

ENB plate MAHi sup f OAT UJ£B 

(S.^BiH* X ,100 IK at .044 pci) 

• • 

"b 

.otz 

(o.BS in* X ,150 iK AT ,044 pU) 

• • 

• 

,015 

EM b PLATE SIbE WEBS 

(3.00 ih* X .OiSiK AT .044pU) 
TTiECKJAH BOLT SEATS 

• « 

• . 

,005 

(.54 fK* X .SO in. AT , 044 pd j . 
COWMECTOX SEATS 

• 6 

b. . 

,01 S 

(,e$t'K*’X .ZSin, at .044 pci) 
Tie-bOW/J BOLT TAB 

* • 

• ' 

. oot 

(, 36 fn* X ,055 t'K A T .044 fd ) 

k • • 

b 

,0Ol 

comMeltoH , , , . . , * 

• . # 

• 

,oe>Z 

PAIMT ..... . , , . 


# 

,PO(f 


SUBTOTAL 


,05Z /^d X 2 » ,14 4 /hi 


T74KOOAH BOLT (z CACp) 

.HU >A> JXiUOin. AT •too f>cC 


,04114% %Zm .C14 ILt 


Total tATT€Bi MetAHT (IBSS Tte-oOMUA Bolts) , 


7. 47 A ibs 


IS 
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PEemncE- hall , eA/Ate,wooD tLirpz ^ he^ jERsei , ffL4. 

3. - "MLTAUC materials A*J0 ELEAA€MrS PbA AEROSPACE 

VEHICLE 5TEUcrUEES“ MtL-Hi>tK~SA , t>P2>^ k/ASHffJATOH , 

6FEE !*t(0(0, f>p. 2L4 ,^i4* 
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/f SEP 1^04, pp. /Z-/1. 

5. Timoshenko, s, jhH> miHoNsiii^ KEiEAEE ,s,, THsoEi oP Plates 
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SMS BATTERY THERMAL ANALYSIS 


p>iKiis.ca 


Intra Company 21 May 1971 

TS-151 

SMS-PCC 1650 

R* • Haas 
A* H. Sato 

SMS Battery Thermal Analysis 

smm.Y 


Thermal analyses were performed to determine steady state temperature gradients 
within the SMS battery assembly when mounted to constant temperature baseplates 
of 35°C, 20**C and 5**C. The radiant heat transfer environment was assumed to be 
the equivalent sink temperature of the spacecraft for the synchronous equinox 
orbit. For the spacecraft with adiabatic end shields, the sink temperature was 
16®C. 

The maximum gradient between the baseplate and cells for baseplate temperatures 
of 35**C, 20^C and 5°C were 2C**, 3C** and respectively. 

An additional case was studied where the cell support rib wall thickness was 
increased from 0.030 inches to 0.040 inches. A maximum gradient of 2C^ was 
computed for a baseplate temperature of 20°C. 

OBJECTIVE AND CONDITIONS OF ANALYSIS 

The objective of the analysis was to determine steady state temperature gradients 
between battery cells and baseplate when the latter was held at constant temperatures 
Of 35®C, 20®C and 5®C. 


Conditions of the Analysts 

• The radiant environment was assumed to be the equivalent spacecraft 
sink temperature for the synchronous equinox orbit. For the spacecraft 
with adiabatic end shields the sink temperature was 16^C. 


To: 

From: 

Subject: 
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• At the Joint between the cell support ribs and the baseplate (see 
Figure 1), it was assumed that an Interface compound was used with 
a joint conductance of 1000 BTU/hr-ft^-°F. 

• The battery dissipated a total of 9 watts. Each of the 20 cells 
dissipated 0.A5 watts. The heat was assumed to be uniformly 
distributed at all walls up to a height of 1.7 inches. (The actual 
cell casing height was 2 inches.) This was based on information 
received from the cognizant equipment engineer with regard to the 
Internal construction of the cells. 

j 

I 

DISCUSSION 

! 

i 

The SMS battery analyzed consisted of 20 cells arranged in 2 rows. (See Figure 1.) 
The cell casing material was stainless steel 304 (thermal conductivity, 

K *» 9.4 BTU/hr-ft-**F) . Between each pair of cells was a cell support rib. 

(See Figure 2«) The mterlal assumed for support ribs and end plates was 
magnesium HM*-21A (K = 79 BTU/hr-ft-°F) . A 1 -rail mylar sheet (K * 0.1 BTU/hr-ft~°F) 
was Inserted at the cell-to-end plate, cell-to-cell and cell-to-support rib inter- 
faces. 

Since the battery was symmetrical, it was only necessary to analyze a quarter 
section of It. The other three-quarters would have similar temperature profiles. 
The nodal division of the quarter section analyzed is presented in Figure 3. 

RESULTS 

Temperature profiles were obtained for the cases where the baseplate was held 
constant at 35^C, 20°C, and 5°C. In addition, one case was studied where the 
support rib wall thickness was Increased from 0.030 inches to 0.040 inches at 
a baseplate temperature of 20*^C. The results of these four cases are presented 
in Table I. 


-3 


The maxlinum gradients between cell and baseplate are 3C^ and for the 
first three cases, respectively, and 2C^ for case 4. As waa to be expected, 
thcf (oaxlmum gradients occurred In the center of the battery (cell 5) . The 
nlnlmum gradients occurred In the cells next to the end plate. 

Of the 9 watts dissipated In the battery, 41% was conducted to the baseplate 
In case 1, 837* In case 2 and 847. In case 4. In case 3 all 9 watts and an 
additional 1.9 watts which were absorbed from the wanner radiant environment 
were transferre<l to the constant temperature baseplate. 

With regard to thickening the cell support rib walls. It Is seen from the 
temperature data of cases 2 and 4 and from the comparison of percent heat 
conducted to the baseplate that only a small Improvement was gained In this 
fashion. 


A. W. Sato 

AHSrgb 

cc: D. Briggs 

A. Callmbas 
W. Dobley 
R. Robinson 
W. Schmidt-'-^ 

C. Zlerman 


origwalpag^ 
OF FOOB. QUAl-n:* 















TABLE I 


SHS BATTERY TEMPERATURES (®C) 



Case 1 

Case 2 

Case 3 

Case 4^^^ 


Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Baseplate 
Radiant Sink 
Cell 1 
Cell 2 
Cell 3 
Cell 4 
Cell 5 
End Plate 
Rib 1 
Rib 2 

Rib 3 ’ 

Maximum Gradient 
Cell-to-Base 

3 

1 

36 

36 
36| 

37 
37 1 
3? 

36 

36 

36 

■ 1 

+2 

15 

.6 

35 

35 

35 

35 

35 

35 

35 

35 

35 

:c® 

1 

s 

A 

] 

22 

22 

22 

23 

23 

22 

22 

22 

22 

I 

!o 

L6 

21 

21 

21 

21 

21 

20 

20 

20 

20 

K3C® 

1 

1 

9 

9 

9 

9 

9 

9 

8 

9 

9 

+4 

5 

6 

7 

7 

7 

7 

5 

5 

5 

5 

5 

C® 

: 

1 

22 
22 
22 
22 
22 . 

22 

22 

22 

22 

+2 

1 

0 

.6 

21 

21 

21 

21 

20 

20 

20 

20 , 
20 

:c° 

1 


Notes: (1) Cell support rib well thickness Increased to 0,040 Inches. 
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SMS BATTERY CELL PROCUREMENT 
SPECIFICATION SP- 2 12064 









PHILCO 

WDL Division 
Philco-Ford Corporation 
Palo Alto, California 94303 
FMC 11530 


SPECIFICATION NO, 

SP-212064C 

Amendtnent 


NICKEL-CADMIUM BATTERY CELL 
(3.0 AMPERE HOUR) 
PROCUREMENT SPECIFICATION 


This Amendment forms a part of Specification SP-212064C, dated June 21, 1972, 


So much of paragraph 3. 1.5.1 as read ". . . 304L." is amended to 
read ", , . 304 or 304L," 
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1. SCOPE 

1.1 General . - This specification defines 


inspection, and test requirements for 
battery cell. 

2. APPLICABLE DOCUMENTS 

The following documents, of the issue noted, constitute a 
part of this specification to the extent specified herein. Should a con- 
flict exist, this specification shall govern: 


SPECIFICATIONS 

Federal 

QQ-S-766 

Military 

MIL-R-5031B 

MIL-W-861U 

MIL-F-14072 

MIL-C-45662A 

STANDARDS 

Military 

MIL-STD-105 

MIL-STD-129D 

M1L-STD-130C 

NOTE: Verticle Line in Margin indicates 


performance, design, 
a hermetically sealed niclccl-cadmium 


Steel. Plate and Strip, 
Corrosion Resisting 


Rod and Wire, Welding, 

Corrosion and Heat Resistant Alloys 

Welding, Metal Arc and Gas, 

Steels, and Corrosion and 
Heat Resistant Alloys 
Process for 

Finishes for Ground Signal Equipment 
Calibration System Requirements 


Sampling Procedures and Tables for 
Inspection by Attributes 

Marking for Shipment and Storage 

Identification Marking, of U.S. 
Military property • 


change In this Issue. 
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2. APPLICABLE DOCUMQITS (continued) 

STANDARDS 

Military 

MIL-STD-’202C Military Standard, Test Methods 

for Electronic and Electrical 
Component Parts 

MIL-STD^SIOB Enviroiunental Test Methods for 

Aerospace and General Equipment 

ATSM 

B162-61 


HANDBOOKS 

Aero propulsion Lab, Wright Patterson AFB, Ohio 

'.Screening Method, Characteristics of Separators 

Edited by; for Alkaline Silver Oxide-Zinc 

J. E. Cooper and Secondary Batteries 

A. Fleischer 

PUBLICATIONS 

NHB 5300.4 (IB) Quality Program for Space Systems 

Contractors, (Chapter 8: Noncon- 
forming Article and Material Control) 

NPC 200-3 Inspection System Provisions for 

Suppliers of Space Materials, Parts, 
Components, and Services 

(Copies of documents required by suppliers in connection with specific 
procurement functions should be obtained from the procuring agency ot as 
directed by the contracting officer.) 

2.1 The following documents, of issue in effect on date of 

invitation to bid, constitute a part of this specification to the extent 
specified herein; 

SPECIFICATION ST-A20403 SMS General Quantitative Reliability 

Assessment Specification 

DRAWING 211530 Nickel-Cadmium Battery Cell 

Source Control Drawing 
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3. REQUIREMENTS 

3.1 Design and Constructlon .- 

3.1.1 General The storage cell(s) shall consist of the following parts. 

a. Separators 

b. Metal Container 

c. Electrodes 

d. Electrolyte 

e. Insulation 

Individual cells shall be hermetically sealed to permit 
operation within the environmental requirements of this specification. Cells 
shall contain the necessary plates and terminal posts and shall be secured so 
that no motion of the plates, relative to the container or hold-down arrangement, 
can occur. The detailed mechanical and electrical design of the nickel-cadmium 
storage cells shall be accomplished by the subcontractor subject to the require- 
ments of this specification. Cell component test sampling shall be in accordance 
with MIL-STD-105 or as specified herein. 

3.1.2 Separators .- Separators shall be of an approved type for 
satellite application, free from flaws , cracks , or other imperfections likely 
to permit short circuits. They shall be fabricated from materials which are 
physically and chemically stable in the presence of potassium hydroxide. 

(Materials shall be selected in accordance with the requirements specified 
herein.) They shall have a low electrical resistance and shall be capable 

of absorbing and retaining large quantities of potassium hydroxide electrolyte 
when subjected to the environmental conditions. Separators shall also be 
capable of withstanding the thermal tests without damage. (See 4.4.3 and 
4.4.4 which are representative of environmental conditions anticipated during 
the seven years of minimum battery life.) The separator style and type shall 
be subject to Philco-Ford approval. 

3. 1.2.1 Separator Tests .- The following tests shall be conducted on 
the separator to be used for cells purchased under this specification. Pro- 
cessing and test requirements are included in Appendix A. Two copies of each 
data sheet and a separator sample of 100 square inch minimum size shall be 
furnished to Philco-Ford prior to start of further processing. Material 
traceability shall be required. 

a. Electrolyte Absorption 

b. Electrolyte Retention 
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3. 1*2.1 Separator Tests .- (Continued) 

e. Porosity 

d. Extractable Organic Content 

e. Inorganic Content 

f. Discoloration of Separator in Electrolyte 

g. Tensile Strength at Break 

h. Thickness Variation 

i. Resistance 

J . Wettability 

3*1.2 .2 Separator Configuration .- The separator material-cell plate 
configuration shall be designed to preclude any electrical short circuits 
caused by misalignment of cell components. The vendor shall submit the can- 
didate separator configuration designs to Fhilco-Ford for verification. 

3.1.3 Electrodes. - The electrode materials shall be identifcal to 
those used in cell qualification as stated herein. No changes in material 
quality, contents and manufacturing technique shall occur without written 
approval by Philco-Ford. 

3. 1.3.1 Specifications .- 'Diro copies of either the electrode purchasing 
specifications or the manufacturing process specifications delineating the 
process from raw materials through impregnation and storage for use on cells 

as specified herein shall be furnished to Philco-Ford prior to start of further 
processing. 

3. 1.3.2 Certification .- Two copies of the electrode suppliers certifi- 
cation for both positive and negative electrodes used herein shall be furnished 
to Philco-Ford prior to start of further processing. The certification shall 
contain the following minimum information: 

a. Assigned plate batch number 

b. Spiral number or lot number 

c. Date of impregnation 

d. Percent porosity 

e. Weight of active material per plate 
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3* 1.3. 2 Certification .- (Continued) 


f. Negative capacity obtained 

g. Positive, capacity obtained. 


NOTE: Sample results, based on a reasonable sample from each positive 

and negative spiral, are acceptable for items d through g above 
and tolerances are to be supplied by subcontractor. 


3.1.4 Electrode Assembly .- ‘Production processing and test operations 
on cell electrode assemblies consisting of initial inspection of plates, 
through formation, addition of KOH and sealing of cell with gauge assembly 
shall be controlled in accordance with Appendix B. 

Manufacturing and inspection operations on completed positive 
and negative plates shall be controlled as follows prior to their formation: 


I a. Inspection of coining and other operations affecting the 

integrity of the sinter and grid. 

b. . Edges shall be coined to prevent flaking of sinter material. 

c. Visual Inspection of plates. (100 percent inspection on positive 
and, negative plates prior to assembly into formation pack.) 

NOTE: Inspection criteria shall be established by the Subcontractor 

reflecting items listed in paragraph d.l through 9. Sample 
plates showing each type defect shall be posted at inspection 
station. Dimensional checks of the plates shall be in accord'- 
ance with- the applicable drawings. 

d. Plates shall be rejected if defects as listed below are 
found. (See Note 6.4): 

1. Crack detected in sinter sufficient to cause loose or 

. missing active material. Plates suspected of loose active 
material shall be Inspected by lOX. 

2. Rough edges, burrs and snags exceeding 0.001 inch, (in- 
. spec tion will, be made with nylon gloves to feel for pulls 
on fibers of gloves. Inspection will include the entire 

electrode surface.) 

3. Examine surfaces for evidence of sinter materials breaking y 
' away from grid. 
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3.1. A Electrode Assembly .* (continued) 

4# Electrodes shall be of uniform thickness over 
entire surface area to within i *001 inch. A 
10 percent random sample shall be selected for 
thickness determination. If all samples can 
meet this thickness requirement, then all plates 
are acceptable. If one or more plates from this 
sample is not acceptable, then all electrodes of 
the manufacturing lots shall be inspected. Elec- 
trodes which cannot meet this requirement shall 
be rejected. Electrode thickness shall be measured 
by an Ames gage or equivalent. 

5. Tab shall be free of sinter material. 

6. Edges which are coined shall be uniform, (i.e., 
within ±0.015 inch, visual verification only). 

I 

7# Grid support for sinter material shall be free 
• of any breaks or cracks. 

8. Plate Ueight Screening - Establish the average weight 
of the positive electrode and negative electrode by a 
screening method. Then each plate shall be screened by 
a GO-NO GO technique. Each plate weight shall be within 
3.5 percent of the average established plate weight. The 
subcontractor shall establish detail procedures and submit 
to Philco-Ford for approval prior to start of task. The 
subcontractor shall establish an acceptance procedure and 
furnish information to Philco-Ford. 

9m Plate Samples - The subcontractor shall supply Philco-Ford 
with 20 unformed acceptable positive electrodes and 20 
unformed acceptable negative electrodes from the plate lot 
used in the production of this cell lot. Each electrode 
type shall be placed in a polyethlyene bag, heat sealed, 
and permanently marked with the plate lot number. 
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3. 1.4.1 Eloctrodc C.ioacltv .* The electrode capacity tost shall 
provide a measure of the discharf.e capacity of the positive (nickel) 
electrode ond of the nepntive (cadmium) electrode of nickcl-cadralum 
cells as EoparaCe data under a standard set of conditions. This test 
shall be run In a manner such that the excesi< negative capacity beyond 
complete discharge of the positive electrode (or excess positive capacity 

beyond the negative electrode in case of cell that may be negative limited 
on discharge) mvny be determined in addition to the total capacities of the 
electrodes. These data may be used to establish one or more of the following 

a. Range and distribution of positive capacities. 

b. Range and distribution of negative capacities. 

c. Difference between and/or ratio of total negative 

and positive capacities. 

d. Excess negative on discharge. 

e. Excess negative on charge. 


The required total positive and negative electrode capacity characteristics 
are specified in Table I. Any non-compliant capacity level obtained under 
the conditions defined in Appendix B is subject to immediate notification 
to Phllco-Ford for verification. 

Table I 

Sununary of Electrode Capacity 
Characteristics 


epoacitv Ratio (Amoere-hour 


Actual Positive/Rated Positive 

1*50:1 

1.20:1 

Total Negative/Positlve 

1.80:1 

1.50:1 

Excess Negative/Negative Precharge* 

2.85:1 

2.25:1 

♦Negative prccharge " the ampere hour capaett)' 
negative electrodes of a full discharged cell 

’ Introduced Into 

> the 
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3 a, 5 


Metal Container.* 


3a.Sa General.- The cell case shall be drawn. The case material 
shall be type 304L stainless steel in accordance with QQ-S-766 , aruffshal^ be 
0,018 + 0.006 inch in thickness. 

Electric arc welding using inert gas shielding per MIL-W-8611 shall be used for 
container component junction welding. All welded areas shall be passivated in 
accordance with MIL-F-14072, Finish E-300| or an equivalent process approved by 
Philco-Ford. 

3.1.5.2 , Cover .- The cell cover shall be made from class 304L stainless 
steel in accordance with QQ-S-766, Condition A, 

Metal parts shall be inspected for conformance to drawings, physical 
dimensions, surface defects, and burrs that may interfere with intended function. 

3. 1.5. 3 Cover- to-Case Junction .- The cover shall be electric-arc 
welded to the case using inert gas shielding. No welds beyond dimensional 
limits shall be permitted. Weld joints shall not be ground or polished. Weld 
beads shall be smooth and free of folds. Repair welds are acceptable provided 
repair areas meet the above weld requirements and the repair is accomplished by 
using filler wire conforming to specification MIL-R-5031 Class I or II. 

3.1. 5.4 Metal Container Quality Assurance Provisions .- The subcontractor 
shall supply with every order, the supplier, name, alloy designation, batch 
number, and chemical composition of raw material with certified analysis. Two 
copies of this information shall be furnished to Philco-Ford. The tolerances 

on the cell case wall thickness shall be within ± 0,0025 inches. The completed 
cell shall conform to Philco-Ford approved drawings. Each can shall be visually 
examined for blemishes, pits, cuts, cracks, burrs, file marks, weak points, 
incomplete penetration or any other visual defects. Only high quality cell 
cases shall be accepted. ^ 

3.1. 5.5 Container Finish .- The cell case and cover shall be made 

of an alkaline resistant material or thoroughly covered with an alkaline resistant 
material. It shall be capable of withstanding 1.33 specific gravity potassium 
hydroxide (KOH) for at least 168 hours at any temperature from minus 37^C to 
plus 82°G without penetration of electrolyte, whitening, checking, blistering, 
or showing any trace of corrosion or appreciable change in hardness. This 
finish shall also withstand a test for flexibility after heat treatment of 93°C. 
The interior of the cell container shall be constructed and the applicable parts 
lined with an alkaline resistant material so that it will be capable of with- 
standing 1.33 specific gravity KOH for a period of 150 hours at 93^C without 
physical change in the lining material such as blistering, sagging, checking, 
or breakdown in dielectric Strength. 
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3.1.6 TermlTials Terminals provided for positive and negative 
electrodes shall be rated at not less than 6.0 amperes continuous duty. 

The terminals shall be made from 30A stainless steel, in accordance with 
QQ-S-766, Condition A, or nickel 200 in accordance with B162-61. The 
positive and negative terminals shall be insulated from the cell cover by 
means of ceramic insulators having an alumina content ot 96.00 -f 1.00 
percent. The insulator-to-cover junction shall employ a stress'-relief 
configuration such that relative motion between the terminal assembly 
and the cover applies minimum stress to the insulator and to the metal- 
to-insulator bonds. The collar-to- insulator and insula tor-to-terminal 
bonds shall be made using a metal-to-ceramic bonding process subject to 
approval by Philco-Ford. Any silver containing brazo materials used for 
metal-to-ceramic bonding or elsewhere in the cell shall be nickel plated 
to a minimum thickness of 0.00015 inches. A dull-matte nickel plating 
process shall be used and the process specification shall be subject to 
approval by Philco-Ford. The cell terminals shall be constructed as shown 
in Figure 1. The terminals shall be fitted with a 4-hole solder lug. The 
lugs shall be tinned as per Appendix Ct 40. The solder lugs shall be brazed 
to the cell terminal. 


3. 1.6.1 Control and Testing of Feedthrough Terminals and Seals.- 
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THE SUBCONTRACTOR SHALL PROVIDE THE TERMINAL CROSS SECTIONAL VIEW 



FIGURE 1 CERAMIC- TO-METAL SEAL TERMINAL CROSS- 

SECTIONAL VIEW 
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3.1.7 Size and Weight . » The sice and weight of the storage cell 
shall not exceed the limitations specified in Specifications Control Draw* 
ing DS-2' 1530. The total weight of all deliverable cells divided by the total 
number ot deliverable cells shall not exceed 162, grains. 

3.1.8 Gas Tlnhtness of Cells .- The hermetically sealed cell shall 
be designed to withstand an internal gas pressure of at least 225 psia at 
58^C without leakage for 30 minutes at any ambient pressure from one atmos* 
phere minimum to a vacuum of 9 x 10*14 Torr or greater. In order to per- 
mit satisfactory leak detection procedures to be used on sealed equipment, 
all cells shall contain between 5 and 10 percent of helium gas by 

volume, at the time of sealing. The design objective for each item shall be zero 
leakage at the expected pressure differential. The maximum allowable leak-rate 
of the sealed cell shall be 10*® standard cc of helium per second. 

3.1.9 Electrolyte Activation .- All cells shall be stored in a 
dry inert gas environment prior to activation with KOH electrolyte (Appen- 
dix C) . Cells from one manufacturing lot shall be activated in accordance 
with an activation schedule to be specified by Philco-Ford. Activated 
cell wet life shall be minimized. 

3.1.10 Interchangeability and Replacement .- All parts having the 
same manufacturer's part number shall be functionally and dimensionally 
interchangeable. The provisions of MIL-STD-4 54, Requirement 7, shall 
apply. 


3.1.11 Cell Lot .- Cells to be purchased under one lot shall use 
components from one specific batch only and shall be assembled as one 
batch under identical production techniques. This requirement must be 
strictly adhered to. Complete records must be kept of each component 
batch and be made available to Philco-Ford upon request. Each cell shall 
be serialized with a non-recurring' number. 

3.1.12 Parts. Materials and Processes .- Selection criteria for 
parts, materials, and processes shall be as required by this specification 

and the Statement of Work. 


3.1.12.1 Identification and Marking .- Each piece of equipment 
furnished under this specification shall have a nameplate for identification 
in accordance with MIL-STD-130 and as specified herein. 

3.1.12.2 Manufacturing Data .- The manufacturer shall maintain a log 
on the history of each cell by recording the following data: 


a. Serial number of cell 

b. Date of manufacture (date of pinch-off) 




c. Date of activation (addition of electrolyte) 


d. ^pe and duration of electrical tests performed on cells* 
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3.1.12.2 Manufacturing Data .- Continued) 

e. Charge and discharge method and rate used in electrical tests. 

£. End of charge and discharge voltages 

g. Test conditions 

h. Test results including failures 

i. Material traceability (This consists of complete records of cell 
components including batch numbers and components. This item to 
be maintained at vendor.) 

This lot shall be maintained on all cells manufactured under this 
specification and shall be available to Phllco-Ford on request. 

3.1.12.3 Identification of Product .- The manufacturer shall identify each 
cell by electro etching serial number plus date of activation on the cover area. 
In addition, cells that are delivered to Philco-Ford shall be imprinted or tagged 
as follows: 

Weight ' A.H. at 2 Hour Rate 

Date of Activation Type Nickel - Cadmium 

Manufacturer Model No. _________________________ 

Manufacturer Serial No. 

Itiilco-Ford Part No. 211530 ‘i 

■ ■■!■■■■ ■■ I ■ . I. I 

V : .1. ' 


3.1.12.4 Polarity Markings # -The polarity of the positive terminal shall 
be plainly indicated on the container cover by electro etch or by other Philco- 
Ford approved methods* 

3el«13 Workmanship .- Standards of workmanship shall meet or exceed 
MIL-STD-454, Requirement 9, The subcontractor shall submit his workmanship 
standards for Philco-Ford approval* Material delivered shall comply with these 
approved standards* 


3.1.13.1 Neatness .- To include thoroughness of soldering, wiring, confonnal 
coating, marking of parts, and assemblies, plating, welding, brazing and freedom 
of parts from burrs and sharp edges. 

3*1.13.2 Cleanliness .- Precautions shall be taken to prevent contamination 
of the equipment during manufacturing, handling, and shipping* The seller shall 
maintain adequate controls to assure consistence in maintaining acceptable work- 
manship and cleanliness levels. 
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3.1# 13 ,2 Cleanliness (Continued) 

Quality workmanship and cleanliness standards, including any 
required visual aids, shall be established and submitted to Philco-Ford for 
approval. 


3.2 

3.2.1 


Cell Performance. ^ 


The cell shall meet the following capacity tests: 


Concl i t ion 

Temp. 

Discharge 

Current 

(Amps) 

Discharge 

Time 

Min. 

Voltage 

(Volts) 

Min. Required % 
Rated CAP. 

(1007, = 3. AH) 

1 

2A ± 2 

1.5 

2.4 Hrs 

1.00 

1207, 

2 

0 ± 2 

1.5 

2.0 Hrs 

1.00 

1007, 

3 

40 + 2 

1.5 

1.3 Hrs 

1.00 

657, 


3.2.1. 1 Capacity After Cycling .- The cell discharge capacity shall be a 
minimum of 2.4 ampere-hours after 700 charge-discharge cycles of 1.2 hour dis- 
charge at 1.5 amperes and 22.8 hours charge at 0.3 amperes. In addition, the dis- 
charge voltage shall be a minimum of 1.16 volts during the 700 discharge cycles. 
The temperature of the cell shall be cycled -through an eclipse temperature profile 
during each charge - discharge cycle. The charge temperature for each cycle shall 
be 24 u for the first 400 cycles, 18°C for the next 300 cycles. The cell capacity 
retention shall be measured after every 50 cycles. 

3.2.1.2 High Rate Discharge .- Each cell must be capable of being dis- 
charged at the 5C (15 amps) rate for a minimum of two minutes. The minimum 

allowable cell voltage is 1.0 volts'.. 

I 

3.2.2 Charging .- All cells shall be capable of being charged at a maxi- 
mum charge rate of 0.3 amperes. Charging shall be accomplished within the maxi- 
mum limiting voltage constraint specified in Figure 2. Each cell shall be capable 
of being charged from 50 percent to 100 percent state of charge at this 0.3 ampere 
rate without exceeding the limiting voltage value specified in Figure 2. (This 
charge shall include the overcharge necessary to account for the ampere-hOL- 
efficiency value of the cell at a particular temperature.) (See Figure 3.) All 
cells shall be capable of accepting continuous overcharge currents up to the maxi- 
mum values shown in Figure 4 without exceeding 75 psig internal cell gas pressures 
and the limiting voltage value specified on the lower curve in Figure 2. 

3.2.3 Retention of Charge .- Each cell shall be free of short circuiting 
paths between negative and positive terminals and shall maintain an open circuit 
voltage of no less than 1.16 volts when tested in accordance with 4.4.7. The 
cell discharge capacity in ampere-hours shall not be less than 70 percent of 

its initial capacity when discharged 30 days after being fully charged. The cell 
shall meet the provisions of this paragraph when charged and discharged at the 
rates and periods specified in Paragraph 3. 2. 1. During the 30 days scand tiiDe, 
the cell temperature shall be maintained at 
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FIGURE 2 MAXIMUM LIMITING VOLTAGE FOR CHARGE CONTROL 
OF HERMETICALLY SEALED NICKEL CAfiMlUH CELLS 
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FIGURE 4. MAXIMUM SAFE C(WTINUOUS OVERCHARGE CURRENT VS. TEMPERATURE 
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3.2.4 Internal Impedance .- Each cell shall have an internal imped- 
ance not greater than OvOlO ohm. 

3.2.5 Therm-al Requirements .- The thermal design of the cells shall 
be such that satisfactory operation of the cells is assured under all operat- 
ing conditions (including overcharge) when the battery container heat sink 
surface temperature is 0°C to 35°C. The cell qualification temperature 
extremes of 0°C to 40°C provide for satisfactory operation outside the antici- 
pated orbital extremes of 3.3.5. 


3.2.6 Electrolyte Leakage .- The cell shall show no evidence of 
electrolyte leakage. 


3.2.7 Storage . 

3.2.7.T"' In Dry (Unfilled) Condition .- The fully assembled, dry (un- 
filled) cell, when stored for periods up to three (3) years, shall show no 
detrimental performance effects. 

3. 2, 7. 2 In Filled (Sealed) Condition .- The cell in filled (sealed) 

condition shall be designed to be capable of being stored in a discharged 
and shorted condition fcr up to 24 months from the date of manufacture at e 
temperature of 16°C to 27°C. Storage shall be in accordance with Hiilco- 
Ford recommended procedure. After activation, the cell shall be capable of 
meeting all performance requirements stated herein and shall show no perform- 
ance deviations. After storage the cell shall be capable of meeting all 
performance requirements stated herein and shall show no performance deviation. 


3.2.8 Operating Position .- The cell shall operate normally in any 
position and under %y gravity condition specified in 3.3.4. 

3.3 Environmental Requirements .- The environments described in 

this section are indicative of the transportation, storage, pre-launch, launch, 
and orbital operation conditions. The equipment shall be designed to meet 
specified performance requirements during and after any probable combination 
of operation environments and/or subsequent to exposure to nonoperational 
environments as specified herein based upon equipment duty cycle. Safety 
factors for design purposes shall be introduced commensurate with the 
reliability objectives. Sinusoidal vibration and random vibration level 
design requirements are shown in Tables II and III, and Figure 5. 

3.3.1 Shipping, Handling and Storage .- The equipment will be subject 
to the following environments in a non-operating condition and packaged for 
shipment condition, unless otherwise noted. 
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TABLE II 
BATTERY CELL 

SIKUSOIDAL VIBRATION I£VELS 
(OMNIDIRECTIONAL) 


FREQUENCY (Hs) 

LEVEL (g.O to peak) 




5-10 
10 - 20 
20 - 23 
23 - 30 
30 - 60 
60 - 80 
80 - 200 
200-2000 

Note: Sweep rate is 2 octaves/minute for all 

spectra. 


0.5" DA 

14.0 

7.0 
12.5 

25.0 

8.0 

3.0 

5.0 
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TABLE III 


BATTERY CELL RANDOM VIBRATION LEVELS 
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3. 3. 1.1 Temperature .- Temperatures ranging from minus 30®C to 
plus 60^0 will be encountered. 

3.3. 1.2 Altitude .- Pressures equal to an altitude of 50,000 
feet will be experienced during air shipment. 

3. 3. 1.3 Humidity .- Relative humidities of up to 100 percent will 
be encountered. 

3. 3. 1.4 Shock .- Handling shocks, including flush drops of up to 
one (1) inch, and pivot drips of up to four (4) inches from all probable 
orientations, will occur with unpackaged equipment in its handling and/or 
mounting fixtures. Shocks in shipment by common carrier will be encount- 
ered as described in MIL-STD-810 , Method 516.1, Procedure I. 


3. 3. 1.5 Vibration .- Vibration in shipment by common carrier, will 
be encountered as described in MIL-STD-810, Method 514. 


3.3.2 Temperature .- Non Flight. 

3, 3. 2.1 Non-Ooerating .- Each cell shall be capable of meeting all the 
requirements of this specification after being subjected in a temperature of 
-30^C maintained for at least twelve hours followed by 440^0 maintained for 
at least twelve hours. 


3. 3. 2. 2 Operating .- Each cell shall be capable of meeting the require- 
ments of this specification at the temperatures of O^C, 240C, and 40°C with- 
out failure or electrolyte leakage. 

I 

3.3.3 Thermal Vacuum .- Each cell shall be capable of meeting the 
requirements of this specification (including the non-operating requirements 
of 3. 3. 2.1) in a vacuum of at least 1 X 10*14 Torr, 

3.3.4 Acceleration Plus Sustained Loads .- Equipment will experi- 
ence a longitudinal quasi-steady acceleration of 16.8 g ultimate at approx- 
imately first-stage burnout. A maximum sustained acceleration of 19.5 g 
ultimate in the longitudinal direction will be experienced during Apogee 
Boost Motor (ABM) burn. The maximum radial acceleration during spin-up at 
ABM burn and during orbital operation will be 25.8 g ultimate at satellite 
periphery. 


3.3.5 


Synchronous Orbital Conditions.- Equipment operating. 




3.3. 5.1 Temperature .- The equipment shall operate and meet sll 
requirements over tne temperature range of 0°C to plus 35° as measured 
at the equipment baseplate. The equipment shall survive without damage 
in the non-operating mode over the temperature range of- -30°C to 440°C, 

3.3. 5.2 Radiation.- The equipment will be subjected to particle and 
solar radiation as described in Table IV modified by the satellite structure, 
shielding effects and the equipment geometrical location. 
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3.4 Reliability .- Reliability requirements are as defined in 

the following paragraphs. 

3.4.1 Reliability Pro'^raa Plan .- A Reliability Program Plan shall 
be developed and inplctnented as described in the Statement of Work. The 
data in the subparagraphs below represents the specified quantitative require- 
ments to be used in the analytical efforts of the Program Plan. 


3.4.2 Life Reoulronents .- The equipment shall have an operating 
life of not less than five years in orbit after successfully withstanding 
the environmental stresses of the mission pre-launch activities, launch, 
and insertion into a synchronous orbit. 


3.4.3 Shelf Life Renuiremont .- The equipment shall have the 
capability of meeting all requirements specified herein after a shelf life 
of at least two (2) years in accordance with 3.2. 7.2. 


j 


3.4.4 Success Probability Reouirernents .- The Reliability shall 
be assessed according to the methods of ST-A20403; the calculations shall 
be subject to detailed review and approval. 

3. 4 *4.1 Pre-Launch and Launch Survival .- The equipment shall 

survive the specified pre-launch and launch environments and placement 
into orbit in readiness for operation CPj) with a probabilty of not 
less than 0.9999. 

3.4.4*2 Orbit Survival .- The equipment shall successfully perform 

its designed and specified function in the specified orbital environment 

for a period of five years with a probability of success (P ) of not less 

s 

than 0.9977, assessed over the mission as described in ST-A20403 and 
including the cycles of discharge associated with eclipse periods and 
charge maintenance in the balance of the mission* 
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TABIZ IV 

PARTICLE RADIATIOH IZVELS 


PARTICLE 

PROTONS 


EIZCTRONS 


ENERGY (Mev) 

FLUENCE (c 

> 0.1 . 

6.4 X 10^^ 

>0.2 

2.8 X 10^^ 

>0.4 

7.4 X 10^^ 

>0.8 

2.1 X lo'^ 

>1.0 

2.3 X 10^' 

>4.0 

1.3 X 10^^ 

>10 

3.3 X 10 

>30 

6;2 X lo’ 

>100 

8.0 X 10® 

>500 

2.4 X 10^ 

>.01 

l.l X 10^^ 

>.l 

5.5 X 10^^ 

>.5 

7.6 X 10^^ 

> l.O 

7.0 X lo'^ 

>2.0 

7.0 X 10^^ 

>5.0 

5.7 X 10^ 
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QUALITY ASSURANCE PROVISIONS 


4.. I General .- This section covers Quality Assurance requirements 

that shall be implemented during design and manufacturing phases to assure 
timely implementation of adequate controls in accordance with NHB 5300. 4(1B) 
(Chapter 8) and the Philco-Ford approved Quality Assurance Plan to ensure 
that materials, workmanship and performance are to specified standards; and 
components have been manufactured and tested to approved drawings and speci- 
fications. All inspection procedures shall be in compliance with specification 
NPC 200-3. 


4.2 Classification of Tests .- The inspection and testing of the 

nickel-cadmium storage cells and component parts shall be classified as 
follows : 


36 of Test 


of Cells to be Tested 


a. Development Tests 


As Required 


b. Acceptance Tests 


Each Deliverable Cell 


4.2.1 Development Tests .- Development tests are those tests con- 
ducted at the discretion of the subcontractor for the purpose of providing 
data to be used in the design of the nickel-cadmium storage cells. 

4.2.2 Acceptance Tests .- Acceptance tests shall be conducted in 
the sequence shown on each production cell to demonstrate the continuance 

of quality of each unit. Tests shall include, but not necessarily be limited 
to, those shown on the Test Matrix. 
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4,3 Test Equipment Calibration .* All test equipment used to 

conduct tests specified herein shall be calibrated in accordance with MIL-C** 
45662. 

4.3.1 Measurement Accuracy .- Total measurement uncertainty, 

including that due to limited accuracy of the test equipment used 
shall not exceed 10 percent of the tolerance specified for the para- 
meter being measured. Exceptions to this requirement, if any, shall 
be'submicted to Philco-Ford for approval. 

4.4 Test Methods . - 

4.4.1 Examination of Product .- Each complete cell, submitted for 
qualification and acceptance under this contract, shall be inspected to determine 
compliance v;ich this specification and the applicable drawing, with respect 

to workmanship, construction, interchangeability, sealing, cell container, 
weight, dimensions, identification marking, packaging and packing, and terminals. 

4.4. 1.1 Inspection of Cell Assembly .- The final cell assembly shall 
be witnessed by a Philco-Ford quality assurance representative to verify the 
integrity of internal and external component parts. 

4.4. 1.2 Hermetic Seal .- The cell shall be tested for seal leakage 
(helium) in accordance with Standard MIL-STD-202 , Method 112 Test Condition C, 
Procedure IV, at a chamber pressure no greater than 10~3 Torr maintained until 
the leak rate stabilizes. The hermetic seal shall meet the requirements of 

3.1.8. 

4.4. 1.3 Internal Impedance .- The cell impedance shall be measured 
between the positive and negative terminals at 60 Hz. The inpe.- 

dance shall be measured by passing a known AC current through the cell and 
measuring the AC voltage developed. The circuit shown in Figure 6 or its 
equivalent, shall be used. The impedance shall be measured when the cell 
is charged to a minimum of 10 percent of full charge. 

4.4. 1.4 Radiographic Examination .- Radiographs shall be taken of 
each unit for Inspection for workmanship, foreign metallic particles and 
drawing compliance. Two radiographic -views shall be provided for each writ 
Prior to welding the cover to case, a view of each narrowside along the 

Y axis shall be provided no more than four cells shall be included in each 
radiograph taken of the edge view. As a minimum each radiograph shall 
contain, cell serial number, positive or negative terminal location, view 
number, suitable control number, date radiograph was taken and an image 
quality indicator. All radiographs shall have good clarity. Prior to 
the performance of this task, the subcontractor shall submit to Philco-Ford 
for review and approval a Radiographic Examination Procedure. Radiographs 
of all units purchased herein shall be submitted to Philco-Ford prior to 
shipment of the units. 


E-30 



SPECIFICATION NO.: WOL- SP«212064C 





SPECIFICATION NO.. WDL- SP-21206C 


PS-CBLCa 

pH)Lca-»=aF»o corpqwation 
WDL D v.«.on • 3933 F»bi»n Way 
Pato Aico. • 94303 


28 of 62 


4. A. 2 Cnpacttv .- Unless otherwise specified, the capacity test shall 

be performed jt 24°+2°C ambient temperature. Ampere hour capacity shall be meaeurfd 

to the cutoff voltage given for the rate specified and shall not be less than 

the capability specified In 3,2.1. Each cell shall be discharged to 1.0 volt 

and placed on a 1.0 ohm resistive load for 16.0 hours, then short circuited 

for a minimum of one hour. The cell shall be charged at C/10 (0.30 ampere) 

for 20+.5 hours then placed on an 1.0 hour open circuit stand. The discharge 

capacity shall be greater than 3.6 ampere hours at C/2 (1.5 amperes) rate to 

the specified cutoff voltage. At no time shall the voltage on charge exceed 

the specificed maximum cell voltage shown in Figure 1, and at no time shall ^ 

the discharge voltage fall below 1.0 volts. 

~ Notes ; 1. The voltage on charge shall never exceed the 

specified maximum cell voltage shown in Figure 2. 

2. Each cell voltage, cell pressure and external cell 
case temperature shall be recorded as follows: 

a. Immediately prior and after start of each 
charge or discharge step 

b. At one hour maximum intervals during all 
charges 

c. At 15 minute maximum intervals during all 
discharges. 

. 4.4.3 High Temperature Capacity ,- With the cell temperature main* 

I tained at 35 + 2°C during charging and discharging, the discharge capacity shall 
not be less than 2.0 ampere hours when charged at C/10 (0.3 ampere) for 20 + *5 
hours placed on open circuit for one hour and discharged at the two hour rate 
(1.5 amperes) to the cutoff voltage specified in 3.2.1. Before charging each 
cell shall be fully discharged with a 1.0 ohm resistor placed across the terminals 
for 16.0 hours then shorted for 1.0 hour, and stabilized at the test temperature 
for 6.0 hours. The maximum charging voltage, shall not exceed the level specified 
in Figure 2. 

4.4.4 Low Temperature Capacity .- The cell temperature shall be main* 

tained at 0 + 2°C for 6,0 hours prior to and during charge and discharge. Each > 

cell shall be fully discharged with an 1 ohm load for 16 hours and shorted for 

a minimum of 1.0 hour then stabilized at the test temperature. The charge voltage 
shall not exceed 1.52 volts during the 48 hours charge at 0.15 ampere rate. The 
deliverable capacity shall be 3.0 ampere hours at the C/2 rate (1.5 amperes). 

4.4.5 Leak Detection ." To permit satisfactory leakage detection* 

all cells shall be sealed with 5 to 10 percent of helium gas by volume. A fully./ 
charged cell shall be allowed to cool" to 24 + 2°C, at which time a leakage test 
shall be made. Cells shall have a leakage rate of less than the limits specified 
in 3.1-8. 

4.4.6 R1 o c trol vt G 1 .oakn pp. . - This test shall occur Jjnmedia tely after 
completion of charge, during which cell must have received a minimum of 4 hours of 
overcharge to assure a positive cel 1 pressure vith tespect j •> atmoopheric pressure. 
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4.4.6 


(Conc'd) 


Prior to start of charge, the cell shall be thoroughly cleaned with distilled 
water and alcohol. All mechanically sealed areas on the cell cover shall be 
swabbed with phenolphthalein solution*. A red indication on the swab is evi- 
dence of electrolyte leakage. In the event of a positive indication, the cell 
Shall be again cleaned and the test repeated. If a positive indication of 
leakage is present during the second leakage test, the cell shall be rejected. 

The supplier shall specify the cell restralner design including restrainer screw 
torque . 

4.4.7 Retention ot Charge .- This test shall occur If the cell was 
discharged to 1.00 volt. Drain cell for 16 + 1.0,-0 hours at 24 + 2^C ambient 
temperature using a one (1) ohm resistor. Let the cell stand at open circuit for 
24 + 0.5 hours at 24 + 2oC ambient temperature. The cell voltage at the end 

of this open-circuit stand shall be 1.16 volts or higher. 

4.4.8 Rejection Criteria .- Permanent rejection is applicable if 
the following has occurred: 

a* Unit was exposed to temperatures outside the -40*^C to 

-t- 50°C range regardless of time duration of over- 
temperature exposure. 

b* Unit had received currents in excess of 18. amperes (6 C rate). 

c. ' Unit had exhibited voltagesO.Ol volts above the.““"‘ 

curve in Figure 2. 

d. Unit was over discharged below 0.0 volts after activation. 

e. Unit was physically damaged in any manner, such as from 'being 

dropped from a height greater than l.Oinch. 

f. Unit failure of any electrical test, 

4.4.9 Data Approval .- Two copies of all data obtained on tests 

described in 4.4 shall be furnished to Philco-Ford for approval prior to 
further processing. 

4.5 Test Failure . - 

4,5.1 Failure Definition .- A failure shall include, but not be 

limited to, an occurrence of any of the following: 

a. Equipment performance which is functionally beyond tha limits 

of design or test specifications or test procedures. (This applies 
to all engineering, production in-process test, pre- 
acceptance test, and acceptance test items.) 

b. Equipment performance which is intermittent or erratic. 


* 0.5 percent phenolphthalein in 50 percent alcohol and 50 percent 
distilled water solution. All areas where phenolphthalein was 
applied shall subsequently be rinsed with distilled water; then 
all areas shall be rinsed .with acetone and the cell shall be placed 
in a Vacuum chamber for one hour at a pressure of 1 Torr. 
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4.5.1 


Failure Definition (Cont'dl 


c. Piece, part, module, or component removal or replacement in 
hardware to restore acceptable functional performance of the 
next higher assembly. 

d. Necessity of rcpieated adjustment to sustain acceptable equipment 
operation (initial or setup adjustments expected). 

e. Equipment operation which has unexplainably drifted from initial 
or setup performance conditions. (This applies even though equip- 
ment perfornumce may still be within specification limits). 

f. Overstress of end-item hardware caused by test equipment when an 
evaluation of the change has not or cannot be ascertained. 

4.5.2 Failure Procedure .- If failure occurs during the performance 

of a test, the procedure described below shall be followed: 

a. The test shall be suspended, the cognizant Engineering Representative 
shall note the failure cn the test data sheets, and the cognizant 
Phi Ico- Ford quality assurance representative shall be notified immed- 
iately. The above-mentioned representatives shall jointly determine 
whether to continue the test, or route the unit under test to rework, 
or to the Material Review Board (MRB) . In the event they are unable 
to reach an agreement, the unit will be routed to MRB. 

b. If the unit under test is routed to rework it shall be returned to 
operating condition in conformance with the applicable drawings and 
specifications and, after inspection of the rework, resubmitted''to 
test. The test sequence during \diich the failure occurred shall be 
repeated unless otherwise authorized by the cognizant Philco-Ford 
quality assurance and engineering representatives. 

c. If a failure is due to a component part, it shall be replaced with 
an approved replacement. 

d. If failure is due to marginal adjustment, the equipment shall be 
realigned or adjusted as required. ' If repeated readjustment Is 
required, the equipment shall be replaced. 

e. If the unit is routed to MRB, MRB shall decide whether to accept 
or reject the failed unit, and shall determine the extent of sub- 
sequent retesting. 

f. A Failure Report shall be written and processed for each failure 
or out-of-specification performance subsequent to initial appli- 
cation of electrical power to the unit. 
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4*5*2 Failure Procedure (Cont*d) 


g. VIhen test equipment falls during performance of the test, the 
measurements in progress as the time failure was detected shall 
be repeated unless otherwise authorized by the cognizant Philco* 
Ford quality assurance and engineering representatives. 

4.6 Test Reports ." Following completion of formal tests, test 

reports shall be prepared as defined in the Statement of Work. 

5. PREPARATION FOR DELIVERY 


5.1 Preservation. Pack-n'^int; end Packing .- After completion 

of tests each unit shall be preserved within one week by performing the 
following: 

Discharge each cell below 0.1 volt by clipping 
a one ohm resistor across the cell terminals. 


b. Remove the one ohm resistor and short the cell terminals 
by wrapping a copper wire around cell terminals. 

c. piece, each cell3" « 

inert drying agent shall be added to exclude moisture. 

The bag shall be heat sealed. 

Note: Cell serial number shall be clearly visible from the outside 

of the bag. 

d. Package unit in a manner to avoid damage during shipment. 

e. If the battery cell is to be kept in storage for periods 
in excess of one week, the battery cell shall be stored 
in a clean and dry area at 16^ to 26*’c. 

5.2 Marking for Shipment and Storage .- All marking on shipping 

containers shall be clearly legible from a distance of 36 inches and may be 
applied by stencil, number stamp or lacquer over coated gummed labels. 

The equipment furnished hereunder is for space flight use. All 
marking shall be blue in color and In addition, all shipping containers and 
shipping dociments for shall be marked as follows: 

••ITEMS FOR SPACE FLIGHT USE" 
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i. NOTES 

6.1 Intended Use .- The cells covered by this specification are 
intended for continuous duty in electrical systems of satellites. They will 

r be used in combination with a solar cell array to provide energy storage 

and furnish peak power demands. 

6.2 Definitions . 

6.2.1 Cell Capacity .- Cell capacity is the discharge measured 

quantitatively in ampere hours at the specified discharge rate to the spec- 
ified cutoff voltage. 

6.2.2 Cutoff Voltage. - The cutoff voltage of a cell is defined as 
that discharge voltage which represents the complete discharge condition of 
the cell for a particular rate. Discharge beyond this voltage would yield 
an insignificant amount of useful energy. 

6.2.3 Constant Current Discharge .- The discharge made at the rate 
specified until the final voltage reaches the specified cutoff value. 

6.3 Charging Instructions .- The subcontractor shall furnish, 

with cells, one reproducible printed copy of charging instructions. 

6.4 Alternate Procedure .- The subcontractor may submit an alternate 
procedure for any specified procedure of specification subject to Philco-Pord 
approval. Two copies of the approved documentation for use shall be furnished 
to Philco-Ford prior to .appllcatio 
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APPENDIX A 


10. SCOPE 

This appendix details the requirements for process ing_ 
and testing the separators used in fabrication of a storage cell. 

Two copies of the completed data sheets, and a 100 square** 
inch (minimum) piece of separator material shall be forwarded to Philco**Ford 
prior to start of further processing. 

20. SEPARATOR TESTS 

20.1 Electrolyte Absorption. Dimensional Changes . 

Electrolyte Retontion nr.d Porosity .* Six samples of each material shall be 
cut (in the machine direction) to 6.50 cm by 2.50 cm and individually measured 
using a standard die. The thickness of each sample shall be measured using an 
Ames gauge model 262 platform dial micrometer with a 0.5 inch diameter stainless 
steel anvil. Record on data sheets provided (see 20.1.1). The dial shall be 
graduated in 0.001 mm. An equivalent thickness measurement system is acceptable. 
Each sample shall be weighed to the nearest milligram on an analytical balance 
(record on data sheet 20.1.2) and then immersed in approximately 100 cc of aqueous 
potassium hydroxide (KOH) solution in non-corrosive containers with air tight 
covers. The concentration of the KOH solution shall be the same percent as used 
in the cell filling and shall be of the same quality. Dimensional changes shall 
be measured after three hours of equilibration. The samples shall be returned 
to their individual containers for an additional hour. At the end of one hour, 
the equilibrated samples shall be wiped across a clean lucite plate until no 
droplets are left on the plate. The sampls; shall then be re-weighed. (See 
Note 6.4). 

a. Electrolyte Absorption; Electrolyte absorption is the difference 
between the wet equilibrated samples and the dry sample weights. 

Record data on dimensions, dimensional changes, and absorption on 
the 20.1.3 portion of the data sheets. (See Note 6.4 ). 

b. Electrolyte Retention: Electrolyte retention shall be measured 

on the same samples after draining for 15 +5 minutes on a clean 
lucite plate positioned at a 45 + 2 degree angle. The samples 
shall be re-weighed. Ouring draining, the samples shall be en- 
closed in an inert atmosphere. Record data on 20.1.4 portion of 
data sheets. 

c. Porosity: Porosity shall be calculated in a manner similar to that 

delineated under 20.1.5 on the data sheets. (See Note 6.4.). 
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20.2 Tenstlc Strgn'^^h at Break .* Tensile strength at break 

shall be measured on at lease six samples, each two samples cut from a 
different roll. Separator tensile strength measurements shall be made on 
die cut specinents 12.7 cm by 2.5 cm, cut in. the roll direction, each of 
which must be carefully examined for flaws. Samples containing cracks, 
nicks, or inclusions must be discarded. As least five samples of each 
material shall be run and the mean value reported. The tensile strength at 
break shall be measured on samples as received. For the tensile measurement, 
the load in pounds shall be measured at the breaking point. Samples break* 
ing outside the area between the jaws are not Included. The tensile strength 
test shall be rencated for 6 samples after being subject to 34% KOH solution 

at 70°C for 24 hours, then washed with H 2 O. and dryed. 

The temperature and humidity test site shall be recorded on data sheet: 

The temperature and humidity tert site shall be recorded on data sheet: 

Calculations: 

Tensile strength at break » — ■ 

C.S.A. - Sample cross sectional area. 

K 1 L - L X 100 

Percent elongation ■ o 

L • Sample length at break 
■ Original length 

Record data on data sheets. Also record the appearance of break (i*e«, clean 
or fus’^y) . Repeat the test on six samples that have been stored for 24 hours 
at 70OC in cell electrolyte CO 2 free atmosphere. Record data on data sheets. 
The vendor may suggest alternate methods to Philco-Ford for approval. (See 
Note 6.4 ) 

20.3 Extractable Organic Content .- At least one sample shall be 

analyzed for soluble organic material. The sample size shall be 10 cm square. 
The following method of extraction of organics is recommended. If a different 
method is used, it shall be submitted to Philco*Ford for approval. 

a. Weigh the separator sample on an analytical balance. 

b. Determine volume of separator sample. 

c. Put the sample in a weighed container with methanol, 
reagent grade. Use a volume ratio of 20 solvent to 
one of separator. Cover contsiner. 

d« Stir with a magnetic stirrer for a minimum of 16 hours 
and/or maximum of 24 hours. 

e. Remove separator sample and weigh after drying. 

* 4vapor ace solvent. 
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Extractable Organic Content (Cont*d) 


Determine weight of residue and weight loss of separator. 

Perform IR analysis of residue. Submit copy of IR trace 
to Philco-Ford SRS and indicate major organic constituents. 
(If a larger residue sample is required to perform this task, 
a proportionally larger sample is permissible.) 


i. Record data on the 20.3 portion of the data sheet. 

Note: Specification requirement - less than 2.0 percent 

by weight of total organics. 


20.4 Inorganic Content .- At least one sample shall be analyzed 

for inorganic materials. The sample size from which inorganics are to be extracted 
shall be a 10 cm square. Quantitative analysis of the following will be deter- 
mined: carbonate, silica, zinc, chloride, nitrate, and nickel titanium. Submit 

a description to Philco-Ford of the method used. Record data on the sample data 
sheets. 

Note: Specification requirement - less than 1.0 percent by 

weight of total inorganics as determined by 
ignition residue. 

20.5 Discoloration of Samples in Electrolyte .- During testing of 
samples requiring equilibration in electrolyte, report any discoloration of the 
sample on the 20.5 portion of the data sheets. 

20.6 Thickness Variation .- The separator thickness shall be 
measured at minimum intervals of one measurement for each 20 cells constructed. 

Each measurement shall be made on samples of two feet in length , taking 10 
thickness readings at approximately two inch intervals. The gauge described in 
20.1 shall be used. Record data on the sample data sheets. 

20.7 Separator Materials Used in Cell Formation. - Apply the 
sampling criteria and test procedures specified in 20.j and 20.4 for the 
separator used in cell formation. Record data in a manner similar to that 
delineated under 20.3 and 20.4 on the data sheets. Where applicable, furnish 
data on the 20.7 portion of the data sheets. 
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20.8 Separator Resistance .-^ DC method. The resistance of three 

samples of separator material snail be measured. Each sample shall be cut 
from a different roll. This method is essentially that described by Lander 
in Chapter 6a of the Cooper-Fleischer Handbook. 

The cell used is a modification of that used in the AC method. 

The platinized platinum current electrodes are replaced by disc cadmium elec- 
trodes (capacity 0.7 A-hr) which are maintained in a partially discharged state. 
The voltage drop across the membrane is measured using two Hg/HgO reference 
electrodes which fit into ports in either cell half. The bottom of each port 
is connected by a diagonally drilled capillary to the membrane surface. 

Equilibration technique and sample size are the same as in the 
AC method. The sample is introduced between the cell halves and the cell 
promptly filled with electrolyte and the reference electrodes placed. Current 
is passed by means of a constant current source to give 50 ma/cm^. The voltage 
drop is measured between the two reference electrodes using either an electrometer 
or a potentiometer. A blank determination is made and substracted from the cell 
resistance with the membrane in the path. 


(a) Calculations - 

(1) Separator resistance 

E. - E. 

R" - ■ A 

R” " Separator resistance 

E • Voltage drop between Hg/HgO electrodes with separator 
In path - volts 

• Voltage drop between Hg/HgO electrodes with separator 
out of path - volts 

I ■ Current - amperes 

2 

A • Separator area exposed cm 
fb} Separator specific resistivity- 


pH 

pH 

R" 

t 




Separator specific resistivity ohm-cm 
Separator resistance ohm-cn^ 
Equilibrated separator thickness cm 
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20,9 Separator Uetrtnblltty ,** Separator wettability of three 

samples of separator material shall be measured. Each sample shall be 
cut from a different roll. Separator wettability shall be measured by 
placing the dry separator sample in the resistivity cell, filling the cell 
with electrolyte, and recording the time required to attain a stable resis* 
tance. Measurements shall be made at five second intervals. Plot the date 
of the three determinations on one graph, 10 x iO to the inch. 
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TEST DATA SHEET (1 of 13) 

SEPARATOR TEST PROCEDURE 

NoCe: The following infomaclon shall be supplied on each 

cell lot production. 

Separator Material Supplier ; 

Base Material: 

Fiber Manufacturer: 

Part No. 

Log No. 


Date of Mfg. (mo/yr) 
Separator Supplier's Style No. 


Lot No. 


Date of Mfg. 


Material Slltted by: 

(Do not use anti-static agent) 


Finishes or Wetting Agents Added by Separator Supplier 


Finishes or Wetting Agents Added by Cell Manufacturer 


State Type of Wash and Number of Times Separator Washed 
Nominal Thickness 
Maximum Thickness 
Minimum Thickness 


E-42 


WUL-bryH 





PHSLCO <S^ 


SPECIFICATION NO.: WOL-SP-212064C 


PHILCO-PQRD CDPPORATION 
WDL O'vipion • 3939 F»Di«n W»y 
Rato Alto. Ciitifomia • 94303 


APPENDIX A 


TEST DATA SHEET (2 of 13) 


SEPARATOR TEST PROCEDURE - (Continued) 


Finishes or Wetting Agents Added by Cell Manufacturer 


State type of wash and number of times separator washed 


Nominal Thickness 


Maximum Thickness 


Minimum Thickness 


Weight (gm/m^) 


Sample 1 


Sample 2 


Sample 3 


Applicable Philco-Ford P. 0. if 


Above tests conducted by 


Prepared by 
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TEST DATA SHEET (3 of 13) 


20.1 

and Porosity 


Electrolyte Absorption, Dimensional Charge, Electrolyte Retention 


20*1.1 Dimensions and Dimensional Changes.- 


Width 


Thickness 



Percentage Change in Thickness 


Sample 1 


Wet Volume (\\,) 


20.1.2 




Sample 1 


Sample 2 


Sample 3 


Applicable Philco-Ford P.O. 
Above tests conducted by _____ 


Prepared by 


MOL- >73U (4.6<J) 
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TEST DATA SHEET (4 of 13) 


20.1.3 Electrolyte Absorption. - 


Dry Weight (gm) 

Wet Weight (gm) 

Grams of 
Electrolyte 
Absorbed (W^j - Wq) 

W 

**D 

«w 

«A 


Sample 1 


2 


Electrolyte Retained 


Dry Weight (gm) 

Wet Weight (gm) 

Grams of 
Electrolyte 
Absorbed (W^ •> WnO 


Wr 

Wr 


Sample 1 


2 


3 


Applicable Fhllco-Ford P.O. v 
Above tests conducted by _____ 
Prepared by 


WDL- 'j/.'U 14-liUI 
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TEST DATA SHEET (5 of 13) 


20.1.4 Electrolyte Retained .- (Continued) 

Calculate percent electrolyte retained frctn the following: 
Wr 

~ X 100 = Percent Electrolyte Retained 

^A 

■ Grains of Electrolyte Retained 

■ Grams of Electrolyte Absorbed 
Percent Electrolyte Retained 


Sample 1 
2 

3 

4 

5 

6 

20.1.5 Porosity. - 
by the following: 

% “ Wp _ 
^ * P “ 


I 

Porosity or internal void volume is calculated 


Percent Porosity 


Applicable Philco-Ford P.O. #_ 
Above tests conducted by ______ 

Prepared by __________________ 


Date 

Date 
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I TEST DATA SHEET 


(6 of 13) 
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20.1.5 Porosity .- (Continued) 


Where 



Ww = 

Wet weight of separator (gm) 


Wd “ 

Dry weight of separator (gm) 


II 

Wet volume of separator (cc) 


p = 

Density of absorbed electrolyte. The density of the 
absorbed electrolyte is taken to be the same as the 
density of the equilibrating electrolyte. 


Percent Porosity 

Sample 1 
2 

3 

4 

5 

6 


Date ________ 

Date 

ORIGINAL PAGE IS 
OF POOR QUALITY 
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Applicable Philco-Ford P.O. 
Above tests conducted by 


Prepared by 
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TEST DATA SHEET (7 of 13) 


Tensile Strength** 


20.2.1 Tensile Strength at Break.* 


Tensile Strength Percent Appearance 
at Break Lbs/Cm^ Elongation of Break 


Sample 1 



Applicable Philco-Ford P.O. 
Above tests conducted by _____ 


Prepared 


Detennlnatlon of Organics . - 


Weight of separator before extraction (gm) 
Weight of separator after extraction (gm) 

Weight loss (gm) 

Weight of container plus residue (gm) 

Weight of container (gm) 

Percent organics (weight of residue divided 
by weight of separator after extraction) x 100 

Applicable Philco-Ford P.O. # 

Above test conducted by 

Prepared by ■ _ 


Sample 

2 
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20,4 Determination of Inorganics .- 



Inorganic 

Percent 

Sample 1 



2 



3 




20,5 Discoloration of Samples in Electrolyte .- Dlscclbe color 

change and in which test discoloration occurred. 


20,6 Thickness Variation. - 


1 Reading* Sample I 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 











2 











3 











4 











5 











6 












Applicable Philco-Ford P.O. # 

Above tests conducted by 
Prepared by ________________ 

^Circle maximum and minimum value for each sample. 
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20.6 Thtckn-?5S V.irlTtl«'n. - (Ccntlai .*) 


Reading* ! Sa*«ol# 




20.7 

20.7.1 


Sf.mple I 


2 


3 


Seaarator >!iterial Usei in C 
Dlr.ensions and Dlnsnsicaal Chr.r.2»s 


Len;;th (cn) 
Dry 


Width 

Dry 


Applicable Phllco Ford P.O. 


Above tests conducted by 


Prepared by 

* Circle maxlrau'a and 

minlrura valu 


uacn sanple 
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TEST DATA SHEET (11 of 13) 


20 . 7.2 Eloctrolvtc P.ct.iincjd. 



Crans cf Slcccrolycc 
r.{:ts'iir.cc (Vp-Wp) Wj^ 


Calculate percent electrolyte retained froT. :* 2 e follewlr.g 


--- X 100 = percent Electrolyte Retained 

Va 

■ W 0 ■= Grams of Electrolyte Rctalnei 
Wa * Crams of Electrolyte Absovbai 


Applicable Phllco Ford P.O. ^ 


Date 


Above tests conducted by 


Date 


Prepared by 


Date 
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TEST DATA SHEET (12 of 13) 


20.7.2 Electrolyte Rotntr.ad. - (Contlr-od^ 


Sample 1 


Percent Electrolyte Retained 


20.7.3 Porosity . - Porosity or internal void volume is 


calculated by tV.e following: 


wy; - wp 
Vtf X p 


Percent Porosity 


where 


Wy * Wet weight of separator (gm) 
Wq •= Dry weight of separator Cgm) 
Vy « Wet volume of separator (cc) 


Applicable Phllco Ford P.O. 

% 

Above tests conducted by ___ 
Prepared by 
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TEST DATA SHEET (13 of 13) 
(Continued) 


P ■ Density of absorbed clrrti-f'.;-c.'.. The dcnr.lcy 
of the ah.sorbiicJ clcccrolyt.- ir, cnkcn to be the 
saiae as the cqullibr.iclng -iloctrolyte. 

20.7.4 Plot data of the three determl-atioriS on one 
graph, 10 X 10 to the Inch. 

20.7.5 Tensile Stren-tth at Break. 



Tensile Strength 



at Break 

Percent 

Appearance 

Ibs/ca^ 

Elongaf.on 

of Break 


Satnple 1 


2 



Pore Volu.Tis 0.3S cc/( 


Appllcabl: Philco Ford P.O. ^ 
Above tests conducted by 
Prepared by _______ 










"3 



y This appendix details the production processing and test 

I operations on cell electrode assemblies. 


20. GENE31AL 

20.1 Atmospheric Environment s - The environment of the formation 
facility shall be monitored with respect to humidity and temperature. 

20.2 Handlin:: of Materials, - All plates, separators and materials 
shall be handled with gloves and shall be sealed in clean room grade plastic 
bags when not being processed. 

30. CELL FORMATION 

30.1 Cell Assembly Formation Procedure . 

30.1.1 Forn>".tlon Cell Identification. • Sufficient numbers of pre- 

viously inspected positive and negative electrodes constituting a cell pack 
shall have a formation Cell identification number assigned. Formation cell 
identification numbers shall be referred to for all data recording during 
formation. Numbers shall be visible on each formation cell. 

Note; All internal cell components shall be handled with lint- 
free cotton gloves. Good housekeeping procedures are re- 
quired. The cell assembly shall.be blown clean by a 
stream of air. 

30.1.2 Inspection and l>7oirrhin^ of Electrode Assemblies. - Inspection 
on each electrode shall be performed in accoraance Wien 3.1. 3,1 of the sped- 
fic.ation, P'^rticular attention shall be given to bent corners on grid rnd blisters 
on sintered material. Positive, negative and auxiliary electrode for each cell 
shall be grouped and the weight per cell shall be recorded to the nearest O.I gram. 

30.1.3 (Weld Plates to Combs) . - Plates shall be stacked and welded. 
Welds shall be in accordanGO wi th specification MIL-W-Cbll if applic-blo and 
shall be reasonably free of oxidation upon visual inspection. Il/elds shall be 
inspected for burn through of plate grid or comb and inspected for loose materials. 
Alignment of plaite edges utilizing an alignment gage shall be performed. 

30.1.4 Plate Stack Wrap fSeporator Material) . - Separator sheall be 

tested in accord.'’ncc 3. 1.2.1 ot :ue scecxl ic/i t ioii. Lot number and type af 

separator fnaterial shall be recorded on cell slieets. Alignment of plate 

edges utilizing an alignment gage shall be performed. 
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30.1.5 Resistance Test of Plate Stack Assembly .- Electrode 
assemblies shall be conpressed to the minimum internal case thickness, 
(tolerance +0, -2"i internal percent.) The maximum compressive load 
shall be specified by the seller. While under compression, miniinum 
resistivity, (at 50 VDC) shall be 100 megohms. Cells not meeting 
this criteria shall be identified and not reworked more than once. 

NOTE; Controlled periodic calibration required if con- 
ducted on a test jig. 


il 


\! 


30.1.6 KOH Fill .- KOH shall be prepared and tested in accord- 

ance with 30.3 of Appendix C. Data from batch card on cell sheet shall 
be recorded. Each cell with dust cap shall be weighed to the nearest 
0*1 gram before KOH is added. Contamination of KOH shall be prevented 
by utilizing burets while filling and by minimizing KOH exposure to 
atmospheric conditions. The amount of KOH shall be specified by the 
vendor. Formation cells shall not be subject to electrical testing 
for a minimum of 20 hours after KOH activation. 


30.1.7 Cell Weight .- Each cell shall be weighed immediately 
after fill and the dust cap installed to fill tube. Cell weight with 
dust cap shall be recorded to the nearest 0.1 gram. Weight gain must 
be within +3 percent of nominal value specified by seller. 

30.1.8 Cell Closure . Depending on the manufacturers cell 
processing a pre-tested valve or gage assembly shall be Installed on 
each cell within 10 minutes of filling operation. Cells left unsealed 
longer than 10 minutes after being filled shall be rejected. Immediately 
after installation of the gage assembly, cells shall be evacuated to 

20 inches minimum gage vacuum. All fittings, gages and associated 
components of the gage assembly shall be constructed with noncorrosive 
stainless steel. Jackets must be put on cells ensuring surface of 
plates are parallel, then torqued to a specified value. 


L 

WOV-S73U (4>69l 
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30*1.9 Leak Test of Cell and Gage Assembly ,- After the 
gage assembly has been installed Che leak rate of the cell-gage 
assembly shall be established prior to further processing and 
within one hour of cell evacuation. The cell' shall be backfilled 
with 10 percent of volume helium and placed in a veeco to measure 
its leak rate. The leak rate shall be recorded and shall not 
exceed 10~^ cc/s ec. If minimum rate cannot be established, a 
repeat of test with another gage assembly is permitted provided care 
is exercised in refitting gage assembly. The cell shall be evacuated 
Co a 25 inch vacuum or greater and the valve closed as soon as vacuum 
is obtained* 


NOTE: The integrity of this seal condition is to be main- 

tained through all tests prior to pinch of fill 
tube. Any intentional or accidental opening of 
assembly during electrical testing without Philco- 
Ford approval is reason for rejection of this cell* 


'30*1.10 Formation and Capacity Determination . - 


30.1.10.1 Operational Conditions .- The following conditions 
shall be observed during operations associated with 30.2*9* 

a* Charge and discharge times shall be maintained as 

specified by vendor within ±1.5 percent of designated 
time periods. 

Note: 1* Exact time of each charge and each discharge 

shall be recorded to nearest minute. Deviation 
from periods specified shall be subject to 
immediate Fhilco-Ford notification and joint 
Material Review Board action. 

2* In case of power failure, a notation shall be 
made and shall be clearly visible in a manner 
similar to that delineated on the sample data 
sheets* 

b* Where constant currents for charge or discharge are 
specified, and/or current measurements are used for 
calculations of ampere hour capacity, currents shall 
be regulated within ±1.0 percent of specified value. 


ORIGINAL PAGE IS 
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30a 1* 10.1 Opera t Iona 1 Conditions .- (Continued) 

c. Positive and negative current leads of each formation 

series circuit shall have an ammeter inserted in series 
with each lead. One ammeter shall be marked "Control”; 
the second ammeter marked "Monitor", Readings of two 
meters shall always be within ±1,0 percent. If 
separate and isolated power supplies are used for each 
electrical string, one ammeter per string will be 
sufficient. 


d* Voltage of each formation cell, and current of series 
formation circuit measurements shall be made not more 
than five minutes prior to end of all charge or end 
of all discharge periods* 


30.1.10.2 Cell Formation .- Formation shall be performed in 
accordance with vendors schedule. Exceptions to certain operations 
are listed below and apply to all cells manufactured herein. The 
following steps shall be adhered to during the final capacity 
determination of positive electrodes and setting of relative state*’ 
of-charge of cadmium electrodes. The formation cell assembly shall 
contain the same number of plates as in the final assembly. 

30.2 Cell Electrical Operation .- A minimum of 20 hours shall 
have elapsed before start of the electrical operation procedures. 
Philco-Ford shall be notified if any retest or deviation from this 
procedure is required* All data shall be recorded on the data 
sheets* 

30.2.1 General ,- All cells shall come from one cell lot, 
constructed at the same time using identical assembly techniques 
and components from one single batch. 

30*2.2 Temperature Requirements »- During the cell electrical 
operations process, the average cell temperature shall be between 
21°C and 27°C* 
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Electrical Operation Procedure .* 

Discharge cell at 1.5 amps to a 1.0 volt cutoff 
voltage. Record time, capacity and pressure. 

Charge each cell at 1.5 amps until a voltage of 
1.60V per cell Is reached. At the end of the 
charge, record the voltage, the pressure* and the 
results of an alkali leak detection*, hereafter 
referred to as phenolphthaleln or phenol check, 
which shall show no red indication. 

1. Maximum charge time shall be 7.0 hours. 

2. Minimum charge time shall be 5.0 hours. 

Discharge at 1.5 amps to 1.0 volt per cell. Record 
time, capacity and pressure*: 

1. Minimum capacity shall be 3.6 ampere hours 

2. Maximum capacity shall be 4.5 ampere hours. 

Short each cell with one (1) ohm resistor for 8 hours 
minimum. 

Repeat items b. through d. then charge per item b. 
and prepare cells for final negative electrode 
precharge adjustment described in Paragraph 30.2.4. 


62 


30.2.4 




State of Charge Adjustment .- Precharge shall be set 
by a hydrogen or oxygen venting technique established by the seller. 

A minimum of three charge~discharge cycles are required after KOH fill 
as per Paragraph 30.1.6 before the precharge adjustment is made. Hie 
amount of' hydrogen or oxygen removed from each cell shall have an 
amper-hour equivalent of 40 +5 percent of the excess negative capacity 
as determined in Paragraph 30.3.1c. and 30.3.3.1. The procedure used 
is subject to Philco'Ford approval. 


30.2.5 Cell Selection Requirements .- All Cells purchased 
herein are subject to cell selection criteria. Whenever cells are 
purchased as single units in contract to complete batteries, the 
applicable capacity selection criteria are hereby modified -as follows: 

a. The total number of cells purchased shall be considered 
as one battery assembly (;^.l ampere hour) for capacity 
matching criteria. 


*Note; Leak detection and pressure is not applicable to some cell processeSi 
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30.3 


Electrode Capacity Test , - 


30.3.1 Sampling Rate »- 


a. A mlniimsD of two cells from each formation group of 
65 cells (or less) shall be random selected prior to 
the formation operation and subject to a positive and 
negative electrode capacity test. The test cell(s) 
shall be fabricated with formation hardware to 
standard cell core configurations. The cell(s) shall 
be flooded with standard KOH solution. Test shall be 
performed as soon as possible, but prior to activation 
of cells of this particular formation group. 

b. A minimum of one cell from each formation group of 
65 cells (or less) shall be random selected prior to 

the precharge adjustment operation per Paragraph 30.2.3c. 
and then subject to a positive and negative electrode 
capacity test. The cell(s) shall be activated with 
the standard type and quantity of KOH. The addition 
of electrolyte is not allowable. 

c. A minimum of one cell from each formation group of 
65 cells (or less) shall be random selected at the 
conclusion of the precharge operation and subject to 

a residual negative electrode capacity test. The test 
cell(s) shall be fabricated with hardware to standard 
cell core configurations. The cell(s) shall be acti- 
vated with the standard quantity of KOH solution. 

Test shall be performed as soon as possible, but prior 
to . sealing of cells of this particular formation 
group. 

d. A minimum of one cell from each formation group of 
65 cells (or less) shall be random selected at the 
completion of the standard acceptance tests and then 
shall be subject to a residual negative electrode 
capacity test. Following the standard acceptance 
test discharge at 24°C, the test shall be performed 
on sample cell prior to any plnch-off tube closure of 
formation cells from which sample was taken. 
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30*3 *2 Applicable Conditions . » The follotflng conditions 
are applicable: 

a« Cell temperature shall be between 2 1*^0 and 27 ^C* 

b. Cell terminal voltage shall be recorded. 

e» Voltage from both positive and negative terminals to 
the reference electrode shall be recorded continuously 
or at intervals not to exceed 15 minutes. 


I NOTE: Since the cell is in a stainless steel container, 

I and both electrode terminals are Insulated from 

I the container, the container itself may be used as 

a rough substitute for a reference electrode. 

Even though the container potential is a. function 
I of the pressure O 2 or H 2 in the cell, the changes 

I in electrode voltage at end of capacity are 

I relatively large and usually can be clearly 

I Identified using the container as a reference. 


30.3.3 Test Procedure. - 


30,3.3.1 Residual Negative Electrode Capacity .- The cell shall 
be discharged to 0 volt at 1.5 amp rate. Then discharge at 1.5 amperes 
until terminal voltage indicates -1.0 volt. Tetminal (cell) voltage 
and voltage from both positive and negative terminals to reference 
electrode shall be recorded. '.The measured residual negative electrode 
capacity shall meet the requirements specified in Table I. 


V 


30.3.3.2 Charge .- Cells shall be charged at 1.5 amperes for a 
minimum period of 5 hours until a cell voltage of 1.60 volts is reached 
A maximum period of 7 hours shall not be exceeded. Cell and reference 
cell voltages shall be recorded continuously or at intervals not to 
exceed 1 hour. 
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30,3.3,3 Pis char r,G .- Cells shall be discharged at 1.5 amperes 
until terminal voltage indicates -1.0 volt. Positive and negative 
terminal to reference voltages shall be time recorded when the cells' 
terminals reach: 

a. +1,0 volt 

b. +0.5 volt 

c. 0.0 volt 

d. -0.5 volt 

e. -1.0 volt 

The positive and negative electrode capacities measured 
during this test shall meet the capacity requirements delineated in 
Table I. 


NOTE: The cells shall be protected from further contact 

with the atmosphere in the event further testing 
is required. 
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30.3.3.4 Calculations. 


(T ) ■ Time to -1.0 V (as delineated in 30.3.3.1) 


* Time to discharge precharged negative 


(Tp ) “ Time from start of discharge (full charge) 

^3 to +0.0 V (as delineated in 30.3.3.3) 


■ Tine to discharge positive electrode 


(T„ ) * Tine to -1.0 V (as delineated in 30.3.3.3) 
N* 


■ Tine to discharge total negative electrode 


“ Discharge current *1.5 anperes 


*0 Tcy - 2 


Excess capacity of total 
negative over positive 


■ Precharged negative 
capacity 


•'Excess (discharged) 


negative capacity at 
the charged end 


‘V 


• "Negative -to- Positive 
Ratio" 


30.3.3.5 Submittal of Data. - Two copies of all Information 
obtained shall be submitted to Philco-Ford prior to further processing. 
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10. SCOPE 

,thl8 appendix detailis the processing operations on 

tests required for insulating, brazing, welding, plating, filling and 
testing of cells. 

20. CERAMIC MATERIAL 

The ceramic material shall be alumina of 99.65 + 0.25 

percent purity. 


20,1 Mechanical Inspection.- 


a. Dimensions - Sampling 2.5 A.Q.L. 

b. Chips, cracks, gain 
structure (uniform 

density), voids * 100 percent inspection 


20.2 Cleaning .* Components shall be cleaned by ultrasonic 

bath using freon. 

30. COVER ASSEMBLY 

30.1 Cleaning. * Chemical cleaning shall be utilized on all 
parts and a combination of chemical cleaning and furnace firing shall be 
utilized on cup and collar to prepare them for vacuum brazing. 

\ 

30.2 Welding of Pinch Tube to Cover .- Welding of pinch tube 
to cover shall be controlled by a process specification to insure adequate 
weld strength and seal integrity or may be tested as an integral part of 
the cover. 


30,3 Inspection .* The cover shall be 100 percent inspected for 

cracks, porosity, excessive burning, oxidation and foreign inclusions. 100 
percent inspection shall be performed on all pinch tube cover welds and they 
shall be capable of passing a helium leak test (leak rate - 1 x 10"® std cc/sec). 
Samples shall be tested periodically for weld quality by metallurgical sectioning. 

30. 3. t Assembly Tixturing .- Mechanical fixturing shall be adequate 

to insure maintenance of part positions during brazing operation. Self*jigging 
features shall be Included where possible. Particular attention shall be paid 
to alignment of terminal post and ceramic to maintain concentricity. Provisions 
for periodic cleaning of fixture shall be made. 
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30.4 Vacuum Brnze Oocrntions ," Processes shall be established 
which ensure clean handling o£ pares and fixtures. A brazing inspection plan 
shall be submitted by seller subject to mutual approval. 

30.5 Visual Inspection .- All units shall receive inspection of 
terminal location, seal junction continuity, braze joint quality, pinholes, 

and flowout shall be visually inspected using magnification aids where required. 

30.6 Insulator Resistance .* All units shall receive an 
insulation check. Each unit must exhibit resistance above 100 megohms at 
50 VDC. 

30.7 Leak Check .- The complete cover assembly shall pass a 
100 percent sample leak check of 1 x 10*° cc/sec of helium. 

30.8 Nickel Plating. 

30.8.1 Fixture ." The cover assembly shall be mounted in a fixture 
designed to prevent access of plating solutions to a ceramic'metal terminal well. 





[ 30.8.2 Cover Assembly Preparation .- Cover assembly preparation 

shall consist of hydrohone and' washed in water, then dryed. 

30.8.3 Inspection Criteria . 

a. Plating Thickness ; Plating thickness shall be checked by 
2.5 AQL sampling. Thickness shall be measured with magna- 
gage or equivalent. Any part outside of limits shall be 
rejected. 

b. Plating Quality : Blisters shall be checked by 100 percent 

sampling. Adhesion shall be checked by 2.5 AQL sampling 
using test tape. 

c. Corrosion ; Corrosion shall be checked by 100 percent sampling. 

All cover assemblies shall be checked for evidence of plating 
solution leakage following removal of the fixture. Any stains 
or evidence of wetness on the cover surface in the vicinity of 
the ceramic- terminal post seal shall be cause for rejection. 

A 5 percent sample of finished assemblies shall be subjected 
to a halide test. Any evidence of halide shall cause 100 per- 
cent of the lot to be subjected to the test. All samples 
shoving positive halide shall be rejected. 

d. After completion of cell assembly the resistance shall be measured 
using a megohmeter applying 50 VDC as follows: 

1) 4 terminal to - terminal, resistance shall be 

100 megolins or greater. 

ORIGINAL PAGE IS 
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30.8,3 Inspection Criteria (Cont*d) 

dT (continued) 

2) (+) terminal to case, resistance shall be 5 megohms 
or greater. 

3) (-) terminal to case, resistance shall be 5 megohms 
or greater. 

40. TINNING OF TERMINAL LUGS 

Both positive and negative terminal lugs shall be tinned 
prior to welding header to case. Prevention of flux from entering the 
terminal pockets shall be accomplished by applying EC1663 between post 
and ceramic. During dip in flux, cell header shall be inverted, (terminals 
down). (See Note 6.4), 

40.1 Cleaning of Terminals After Tinning . - 

a. After pre-tinning, posts shall be washed with running hot 
water ( 44°C) and scrubbed thoroughly during this wash for 
a minimum of 30 seconds using a nylon tooth brush or test 
Cube brush. 

b. Terminal area shall be dipped in a solution of 5 percent 
ammonium hydroxide and posts immersed for a minimum of 10 
seconds. 

c. Rinse with water. 

d. Rinse in acetone. 

e. Place under a minimum vacuum of 25 inches Hg. 

40.2 Analytical Check for Flux Traces .* A standard fluoride* 
chloride test (silver nitrate) snail be conducted as follows: 

a. Pour 40 cc of boiling distilled water over the terminal areas 
and collect water in a beaker, 

b. Conduct a standard fluoride-chloride test on this collected water. 

c. If the analytical check is negative (showing absence of fluoride- 
chloride traces), the ECI663 potting can be removed and the cell . 
can go to the next production step. 

d. If the analytical check is positive (showing presence of fluoride- 
chloride traces), repeat steps a through e of 40. 1. 
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50. CONTROL AND TESTING OF WATER AND ELECTROLYTE 

This electrolyte solutions and wash water used for cells 
specified herein shall be of high purity. Two copies of all data obtained 
herein shall be submitted to Philco>Ford for further processing. 

50.1 Deionized Water .- Deionized water used In all wash water* 
dilutant* or additive shall have a resistivity of greater than 1.0 megohnfcm. 

In the event the resistivity drops below 1.0 megohm-cm* the process shall be 
stopped until the resistivity is restored to the specified limits. The resis- 
tivity is to be deterrained prior to each operation in which the water is used. 

A suitable conductivity cell calibrated less than two weeks 
prior to start of water requirement tests used on cells constructed under this 
specification shall be used. Criteria for calibration shall be as follows: 

a. The conductivity cell shall be re-calibrated at two week 
intervals (maximum) until completion of the water requirement 
tasks. 

b. The calibration shall be conducted in a 0.1 percent potassium 
chloride solution and shall record a conductivity of 1410 + 20 

mlcromos at 25°C (a temperature correction as per the 
handbook of chemistry and physics may be' used). If conductivity 
is not within these tolerances, the conductivity cell must be 
replaced or replatinized. 

c. The silica content in the water shall not exceed 1 ppm. 

d. The solids content of the. water must be determined by the 
seller. The maximiua solids shall not exceed 50 ppm. 

50.2 Distilled Water .- Distilled water used either as wash 
water* dilutant or additive shall be tested and shall meet the requirements 
of SO.l.c and d above. 

50.3 Electrolyte .- The supplier* batch number* grade analysis* 
date of purchase and date container is opened must be recorded. The potassium 
hydroxide 'Vnercury cell grade"electrolyte concentrate as defined by Allied 
Chemical Company or equivalent* shall be mixed with the distilled water to 
make-up a solution with a tolerance of + 0.5 baume. Each batch of electrolyte 
shall be analyzed for carbonate content and hydroxyl ion concentration using 
the double titration method of phenolphthalein end point followed by methyl 
purple or orange end point. Carbonate concentration must be less than (2.8 
ps/ Uteri The hydroxyl ion concentration shall be determined by analytical 
ciechods. The concentration tolerance of KOH shall be + 20 mg/cc. The elec- 
trolyte shall be analyzed for nitrate content. The tolerable level is I mg/ 
Htcr nitrate or less, using a conmercially available ion selective electrode, 
T:.c shelf life of the standard acid used in this titration shall not have 
been exceeded. 
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EAGLE-PICHER INDUSTRIES, INC. 
Electronics Division 
Couples Department 
Joplin, Missouri 

RSN-3 Flow Sheets 


1.0 POSITIVE ELECTRODE 

Positive Plaque Lot Number^ 

1.1 


Lot No. 

Operator 


Inspector 


1.2 Cut plates per Dwg. 60-30-585-1, Rev._ 


1.3 Punch plates per Dwg. 60-30-585-1, In- 
spect per IIS #5. 

1.4 Weigh and sort plates per EP-QC-838, 

Rev. . 

1.5 Inspect plate weight range per IIS #10, 
Rev. 


No. of plates inspected_ 

Maximum weight_ 

Average weight 

Minimum weight 


Number of plates accepted_ 


1.6 Edge plates per Dwg. 005350 Rev. 

1.7 Inspect plate tabs per IIS #20. 

1.8 Spot weld plate Tabs per EP-WS-10, R«v._ 

1.9 Inspect plate tab welds .per* IIS #20, 

Rev. and EP-WS-10 • * 

1.10 Press Plate Assembly per 

. 005350, Rev. 


1.11 Inspect plates per IIS #30, Rev. 
and EP-QC-873, Rev._ 


1. 12 Inspect storage conditions & data per 
IIS #30, Rev. . 


Date 


Date 


Date 


Date 


Date 


Date 


Q.C. 


GSI I Q.C. 


GSI 


Q.C. 


. S SJ,±ai. C .: 


GSI I Q.C. 


Q.C. 


EP-QC-810, Rev. A 
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EAGLE-PICHER INDUSTRIES, INC. 
Electronics Division 
Couples Department 
Joplin, Missouri 


RSN-3 Flow Sheets 


Operator 


Inspector 


2.0 NEGATIVE ELECTRODE 


Negative Plaque Lot Number 


2.2 Cut plates per Dwg. 60-30- 585 t 2, 
Rev. 


2.3 Punch plates per Dwg. 60-30-585-2, 
Inspect per IIS # 5 . 

2.4 Weigh and sort plates per EP-QC-838. 

2.5 Inspect plate weight range per IIS #10, 

Rev. . 

No. of plates inspected . 

Maximum Weigh t . 

Average Weigh t . 

Minimum Weigh t : . 

Number of plates accepted _. 

2.6 Edge plates per Dwg. 005349, Rev. 

2.7 Inspect tabs per IIS #20. 

2.8 Spotweld plate tabs per EP-WS-10, Rev._ 

2.9 Inspect plate tab welds per IIS- 20, 

Rev. , and EP-WS-10, 

2.10 Press plate assembly per 005349, 

Rev. 




2.11 Inspect plates per IIS #30, Rev. 

and EP-QC-873, Rev. 

2.12 Inspect storage conditions and data per 

IIS y/30, Rev.__ _. 


EP-QC-810, Rev. A 
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EAGLE-PICHER INDUSTRIES, INC. 
Electronics Division 
Couples Department 
Joplin, Missouri 

Lot No. 


RSN-3 Flow Sheets 

3.0 GROUP CONSTRUCTION: Drawing #005352, Rev. 


Operator 


3.1 Inspect plate storage & paperwork per IIS 
#40 6c release plates for further assembly. 

Positive Plates Date 

Negative Plates Date_ 

3.2 Group positive plates per Dwg. 005352, 

Rev. ___ 


3.3 Inspect positive group assemblies per IIS 

#50, Rev. , Item A. Date 

3.4 Group negative plates per Dwg. 005352. 

3.5 Inspect negative group assemblies per IIS 

#50, Rev. > Item A Date^ 

4.0 CELL ASSEMBLY 

4.1 Weigh positive and negative groups for 

each cell 6c record cell serial numbey, 
group weights, 6c group thickness on 
Page 6 of 6. All weights must be re- 
corded to the nearest 0.1 gram. __ 

4. 1. 1 Verify that group weights meet IIS 

No. 50, Item C Date 

4.2 Degrease cell case 

4.2.1 Inspect per IIS #40. Date^ 

4.3 Separate cell per Drawing 005352 and insert 
in cell case. 


Separator Lot No. 

Cell Case Lot No.^ 

4.3. 1 Pre-shape tabs per 005352. 

4.3.2 Spotweld tabs per EP-WS-10. 

ORIGINAL PAGE IS 
OF POOR QUALITY 

EP-QC-810» Rev. A 


Inspector 


Q.C. 

O.C. 


GSI 


Q 


• c. 





EAGLE-PICHER INDUSTRIES, INC. 
ElectixDnic: i Division 
Couples Department 
Joplin, Missouri 

RSN-3 Flow Sheets 


Lot No. 

Operator Inspector 


4.4 


4.5 


4.6 


4.3.3 Remove core fron case and record core 
weight and core thickness on Page 6 of 
8. Weight must be recorded to the 
nearest 0.1 grams. Return core to 
cell case. 

4.3.4 Trim tabs per Drawing 005352. 

4.3.5 Weld terminals per EP-WS-10. 

4. 3. 5.1 Inspect per IIS 60, Rev. . 

Remove cell pack from case and clean cell case 
with dry nitrogen. 

4.4.1 Install insulator plate. 

Install separator jacket S install in cell case. 

4.5.1 Apply potting compound per 005352. 

4.5.2 Perform insulation resistance per IIS 

60, Rev._ 

Electrode Capacity Test on plates per EP-QC- 
839. 


Date 


GSI 


P/F 


Q.C. 


Date 


Date 

Date 


GSI I P/F Q.C 


GSI I P/F I Q.C 


GSI 


P/F 


Q.C. 


4.7 Package per EP-MP-166, Rev. 

4.7.1 X-ray per EP-QC-840, Rev. 

4.7.2 Inspect per IIS No. 60, Rev._ 

4.8 Weld cover to case per Drawing 005352. 

4.9 Inspect per IIS No. 60. 

4.10 X-Ray 

4.11 Install permanent serial number. 

4.12 Nitrogen leak check. 


Date 


Date 


GSI 


GSI 


P/F 


P/F 


Q.C. 


Q.C. 


Date_ 

Date 


GSI 


GSI 


P/F 


P/F 


Q.C. 


Q.C. 


Date 


GSI 


P/F 


Q.C. 


EP-QC-810, Revision A 
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,.,.,clrird Psate_ 


RSN-3 

Helium Leak Test 
Data S'/iset 


Date 

Cell Lot Mo. 


0. 

LE/\K RATE 

CELL 

SE?vL*L NO. 

LEA.K RATE 


EP-QD-810, Revision A 

Insoector 
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EAGLE-PICHER ItlDUSTRIES, INC. 

Electronics Division 
Couples Department 
Joplin, Missouri 

RSN-3 Flow Sheets l^t No. 


5.0 


6.0 


Operator Inspector 

FINAL CELL ASSEMBLY 


5.1 Place cell lot number on all pages of flow 

sheet. Date 

Q.C. 

5.2 One-hundred percent (100%) leak check on gauge 

assemblies and cells, per EP-MP-164. Date 

GSI 

P/F 

m 

5. 3 Record dry weight. Date 

GSI 

P/F 

Q.C. 

5.4 Activate cells per EP-MP-160, Rev. . Date 

GSI 

P/F 

m 

5.5 Record wet wei^t . Date 

GSI 

P/F 

Q.C. 

5.6 Twenty-four (24) hour vacuum leak test. Date 

GSI 

P/F 

m 

5.7 Electrolyte lea3c test. Date 

GSI 

P/F 

n 

5.8 Cell conditioning per EP-MP-160 (vented cycle). Date 

GSI 

P/F 

Q.C. 

5.9 Perform electrode capacity test per EP-QC-839, 

Rev. . Date 

GSI 

P/F 

Q.C. 

5.10 Perform power discharge test per EP-MP-160. Date 

' 1 

GSI 

P/F 

Q.C. 

5.11 Perform electrode capacity test per EP-MP-160. Date 

GSI 

P/F 

Q.C. 


Engineering 
Data Approval 


ACCEPTANCE TEST PER ATP-279 , Rev. 


6.1 

Perform twenty- four (24) hour vacuum leak test 
on gauge assemblies 8 cells per EP-MP-160. 

Date 

GSI 

P/F 

■ 

Q.C. 

6.2 

(Capacity Discharge 2 4°C (overcharge). 

Date 

GSI 

P/F 

Q.C. 

6.3 

Capacity Discharge 35°C. 

Date 

GSI 

P/F 

Q.C. 

6.4 

Capacity Discharge 0°C. 

Date 

GSI 

P/F 

Q.C. 

6.5 

Capacity Discharge 2 4°C. 

Date 

GSI 

P/F 

Q.C. 

6.6 

Electrolyte Leakage Test. 

Date 

GSI 

P/F 

Q.C. 

6.7 

Charge Retention Test. 

Date 

GSI 

P/F 

Q'.C. 

6.8 

TWenty-four (24) hour vacuum leak test per 
EP-MP-160. 

Date 

GSI 

P/F- 

::.:Q.C. 


KP-OC-Rin, Rev. A 
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7.0 


EAGLE-PICHER INDUSTRIES, INC. 
Electronics Division 
Couples Department 
Joplin, Missouri 

RSN-3 Flew Sheets 

FINISPiED CELL PREPARATION 

7.1 Helium leak check per EP-MP-164. 

7.2 Leak Test per EP-MP-164. 

7.3 Liquid Hone per EP-MP-158. 

7.4 Label per 005318, Rev. and EP-MP-159, Rev. 

7.5 X-ray per EP-QC-840. 

7.6 Final inspection per 005318 and IIS 70, Rev. 


Operator Inspector 


Date 

GSI 

P/F 

■] 

Q.C, 

Date 

Q.C. 

Date 

Q.C. 

Date 

Q.C. 

Date 

GSI 

P/F 

Q.C. 

Date 

GSI 

P/F 

1 

Q.C.I 


8.0 


PACKAGING 


8.1 

Clean cells with alcohol. 

Date 



1 

Q.C. 

8.2 

Connect upper shorting wire. 

Date 



Q.C. 

8.3 

Package per 005404, Rev._ 

Date 

Igsi 

P/F 

Q.C. 
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INTRODUCTION 

This report sunmarlzes results of special tests conducted per the test plan 
outlined in the reference on cells from Lots 1, 3, 5 and 6, used in assembly 
of the first seven batteries for the SMS Program, These tests were performed 
to evaluate and document the potential impact of anomalous battery perform- 
ance noted during acceptance tests of Units S/N 1003 and 1004. Cells from 
Lot 3 used in assembly of these units were rejected for flight use after 
developing high internal pressures during battery acceptance tests* Two of 
these cells, S/N 296 and 311, were removed from these units and subjected to 
a series of overcharge and electrode capacity tests* Included in these tests 
were additional cells from the aforementioned cell lots* Cells were disassem- 
bled and examined for possible failure modes* Electrolyte and separator mate- 
rials were removed from selected cells and subjected to chemical analysis* 
Results of these tests and other analyses performed in this evaluation are 
summarized in the following sections* 

TEST RESULTS 

Results of low and high temperature overcharge tests performed in this evalu- 
ation are included in Table 1 and Figure 1* Table 1 lists both the maximum 
and end-of-charge cell voltages reached during those tests* Figure 1 sum- 
marizes end-of-charge cell voltage characteristics for cell Lots 1, 3, 5 
and 6 based on data listed in Table 1* Figures 2 and 3 contain results of 
electrode capacity tests performed on cells S/N 296 and 311* Carbonate and 
nitrate determinations of electrolyte and separator material removed from these 
and other Lot 1 and 3 cells are summarized in Table 2* Results of these tests 
indicate that conditions leading to the excessive pressurization of Lot 3 cells 
during battery acceptance tests were not simulated during low and high tempera- 
ture special testing* Quantitative data relating to the most likely causes of 
this pressurization was obtained during electrode capacity tests and failure 
analysis of cells S/N 296 and 311* Since all cell lots tested in this evalua- 
tion exhibited some high voltage characteristics during low temperature over- 
charge tests, recommendations for low temperature battery operation were made 
to preclude development of excessive cell pressurization* Analysis and dis- 
cussion of these results and recommendations are included in the following 
sections* ‘ 
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DATA ANALYSIS 

Analysis of overcharge data summarized in Table 1 indicates that cells from 
Lots 3, 5 and 6 have slightly higher charging voltage characteristics at 35°C 
than cells from Lot 1, and that cells from Lots 5 and 6 have somewhat lower 
charge voltage characteristics at 2°C than cells from Lots 1 and 3. Lot 1 
cells had previously been subjected to accelerated life tests , and are repre- 
sentative of cells used in engineering development cell and engineering model 
battery tests and qualification unit evaluation. Cells from Lot 3 included 
the aforementioned cells S/n 296 and 311, and three additional cells. One of 
these, S/n 281, had no previous test history other than during vendor accept- 
ance tests. The remaining cells had been subjected to cell screening tests. 
Cell s/n 297 had been rejected for high charging voltage characteristics at 
2°C and cell s/N 340 was considered a flight spare for Units S/N 1003 and 
1004. Cells from Lots 5 and 6 were also rejected during cell screening tests. 
Lot 5 cells s/n 403 and 423, and Lot 6 cells S/N 490 and 512 were rejected 
for high charging voltage characteristics at room temperature. Lot 5 cell 
s/n 471 had failed charge retention tests and Lot 6 cell S/N 511 had exhibited 
high charging voltage characteristics at 2°C. Since no indication of exces- 
sive pressurization was observed in cells included in these special tests, a 
critical voltage-temperature cell pressure relationship was not identified. 

Lot 1 cell s/n 33 and Lot 3 cells S/N 281, 296, 311 and 340 were then dis- 
assembled and examined for possible failure modes. Results of tests and analy 
ses performed are summarized as follows; 

A. Analyses of electrode capacity test data summarized in Figures 2 and 3 
indicate some degradation had occurred in the negative electrodes of 
3 cells s/n 296 and 311. These cells yielded relatively low levels 
of negative precharge (0.19 AH for S/N 296 and 0.36 AH for s/n 311). 

The negative to positive capacity ratio for cell S/N 296 was 1.21, indi- 
cating a loss of measurable uncharged negative capacity based on "new 
cell" ratio requirements of 1.50 to 1.80. No loss in positive electrode 
capacity was observed in this cell. This ratio was not determined for 
cell s/n 311 due to the fact that the cell did not reverse to (-) 1,0 
volts during uncharged negative capacity tests. Since reduced levels 
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of uncharged negative capacity can contribute to hydrogen gas evolution 
during overcharge at the negative electrode, it was concluded that the 
degradation observed in the negative electrodes of cells S/N 296 and 311 
probably contributed to the high internal cell pressures observed during 
battery acceptance tests of Units S/n 1003 and 1004. Possible causes of 
the high voltages observed in these cells during those tests are dis- 
cussed in the following paragraph. 

B» Failure analysis of cells disassembled and examined in this evaluation 
indicates that rhe high cell voltages previously observed in cells S/N 
296 and 311 were, in part, due to high internal resistance resulting 
from a weakening in the cell plate tab-to-terminal spade weld. These 
changes probably occurred when the cell covers distorted due to internal 
pressures generated during high temperature battery acceptance tests. 
Varying degrees of brown discoloration were observed in the outer sepa- 
rator wrap of the five cells disassembled in this evaluation. A greater 
degree of separator discoloration was noted in cells S/N 296 and 311. 

The nylon spacer block located between the cell cover and electrode 
assembly of S/N 311 appeared to have, at some time, reached a tempera- 
ture which caused the material to melt and flow. Since no evidence of 
internal shorting was found in this cell, it was hypothesized that the 
heat must have been introduced during cover-to-can welding of the cell. 
This hypothesis was based in part on the observation that separator dis- 
coloration in the disassembled cells was concentrated in areas of close 
contact between the separator and cell can. The nylon spacer block is 
located in one such area which is also close to the cell cover-to-can 
weld as shown in Figure 4. 

C. Chemical analysis of electrolyte and separator material removed from 
cells disassembled in this evaluation are siraraiarized in Table 2. The 
percentage of carbonate (6%) found in these cells in somewhat greater 
than the desired level of less than 17o# This level of contamination is 
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sufficient to have contributed to the high cell charging voltage 
characteristics observed during the 2°C overcharge tests. Quali- 
tative analyses of the separator material indicate that substantial 
quantities of iron and cadmium are present in the outer separator 
wraps. It is not clear what significance can be attributed to the 
iron found in this analysis. Substantial levels of cadmium would 
be expected due to the proximity of the outer separator wrap to the 
negative electrodes. 

CONCLUSIONS AND RECOMMENDATIONS 

Although excessive cell pressurization was not observed in tests conducted 
during this evaluation, data was obtained which yielded background infor- 
mation into the most likely causes of the anomalous cell performance 
characteristics noted during acceptance tests of units S/N 1003 and 1004. 
Analysis of data indicates that excessive pressurization observed in Lot 
3 cells S/N 296 and 311 during battery acceptance tests probably resulted 
from a combination of hydrogen and oxygen gases generated during low and 
high temperature battery charging. High cell charging voltage character- 
istics observed during low temperature acceptance tests are indicative 
of overcharged negative electrodes. Since electrode capacity tests on 
these cells showed degradation in the relative levels of uncharged 
negative, it was concluded that this degradation contributed to 
hydrogen evolution from the negative electrode during low temperature 
battery charging. Hydrogen does not readily recombine, therefore resi- 
dual hydrogen pressure would then have been present during subsequent high 
temperature battery capacity tests. This residual pressure coupled with 
increased oxygen evolution at earlier states of charge at higher tempera- 
tures resulted in excessive cell pressurization during high temperature 
battery charging. The resultant pressurization caused the covers of 
cells S/N 296 and 311 to distort which, in turn, created a weakening in 
the cell plate tab-to-terminal spade weld. This resulted in increased 



6 


SMS-PCC-6044 


Internal cell resistance, and thus explains the high charging voltages 
suddenly noted in these cells during high temperature battery charging. 
Subsequent failure analysis of these welds showed less than optimum 
fusion between the tabs and terminal spade lugs in these Lot 3 cells. 

Chemical analysis of electrolyte and separator materials in these cells 
showed a carbonate contamination level of 6% by weight. This level of 
contamination is sufficient to have contributed to the high cell charg- 
ing voltage characteristics noted during low temperature charging. Since 
cells from Lots 5 and 6 used in assembly of units S/N 1005, 1006 and 1007 
have not exhibited any similar type failure modes during battery accept- 
ance tests as the rejected Lot 3 cells used in assembly of Units S/N 1003 
and 1004, it was concluded that the latter three units are acceptable for 
flight. Based on a review of this data with NASA/GSFC personnel, it has 
been recommended that for orbital operation these units be connanded to 
trickle charge whenever battery voltages exceed 30.5 volts to preclude 
the development of excessive cell pressurization. This voltage limit pre- 
caution is particularly important if the actual battery temperature drops 
below the predicted minimum equinox battery temperature of +7°C at beglnning- 
of-life. 

As a result of the failure analysis performed in this evaluation on Lot 3 
cells S/N 296 and 311, a review was conducted on welding processes used 
during production of Lot 7 cells by NASA/GSFC and Philco-Ford personnel. 

Pull tests performed on cell plate tab-to-terminal spade welds showed accept- 
able welds for samples taken at the beginning, during, and at completion of 
a typical production run. Random samples were sectioned and examined for 
fusion between the tabs and terminal spade lugs. Results of these tests 
Indicated good fusion in all samples tested. Welding schedules during cell 
cover to can welding processes were modified to minimize cell heating, and 
additional holding fixtures were used during these processes to optimize cell 
heat sinking. Examination of a production cell showed no evidence of exces- 
sive internal heating as previously observed in Lot 3 cell, S/n 311. It was 
concluded that welding processes used in production of Lot 7 cells assigned 
for use in Units S/n 1008, 1009 and 1010 were acceptable. 
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1 33 901 588 313 (34.8) 20 (6.4) None detected 


3 281 895 659 236(26.4) 15 (6*4) 0.05 (0.02) 

3 296 971 810 161 (16.6) 12 (7.4) 0.05 (0.03) 

3 311 777 588 189 (24.4) 12 (6.3) 0.04 (0.02) 

3 340 781 605 176 (22.5) 12 ( 6 . 8 ) 0.15 (0.09) 
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* WEIGHS IN MILLIGRAMS B¥ C0(K RESEARCH LABCHtATORIES* INC., MENLO PARK, CALIFORNU. 

** N(»f PELLON WEIGHTS EXPRESSED AS PER CENT OF SAMPLE HEIGHTS, CARBOIATE (CO 3 } AND NITRATE (NO 3 ) 
HEIGHTS EXPRESSED AS PER CENT OF NON PELLON HEIGHTS. NON PELLON PORTIONS OF SAMPLES EXTRACTED 
HITH DEIONIZED WATER AND ANALYZED TO CONCENTRATIONS ATTRIBUTABLE TO THE TOTAL SAMPLE. 


TABLE 2 

CARB(NIATE AND Nim DETERMINATIONS ON SMS BATTERY CELL SEPARAT(» MATERIAL 
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FIGURE 4 

DISASSEMBLED LOT 1 CELL S/N 33 and LOT 3 CELLS 
S/N 281, 296, 311 and 340 
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1.0 SCOPE 

This procedure describes the acceptance tests to be performed 
on Eagle-Picher P/N RSN-3. Tests will be performed in the order 

listed prior to delivery of the units. 

2.0 REFERENCE DOCmfENTS 


Eagle-Picher 


005318 

EP-MP-160 

EP-MP-159 

EP-MP-158 

EP-MP-164 

EP-QC-840 

EP-WS-10 

EP-QC-839 

DVTP-159 

Philco-Ford 

SP-212064 

DS-211530 

3.0 TEST CONDITIONS 


RSN-3 Cell Outline 

Cell Conditioning Procedure 
Electro-Etching Procedure 

Liquid Honing Procedures 
Leak Check Procedure 

Radiographic Procedures 

RSN-3 Welding Specification 
Electrode Capacity Test Procedure 
Development Test Plan 


Nickel-Cadmium Battery Cell (3.0 ampere-hour) 
Nickel-Cadmium Battery Cell Interface Control Drawing 


3.1 Unless olherwise specified, laboratory ambient conditions shall 

be: 

a) Tempei-ature 70 ± 10® F 

b) Barometric Pressure 30 ± 2” of Mercury 

c) Relative Humidity Less than 907« 

NOTE : Temperature control shall be maintained by 

locating cells in a temperature-controlled 
chamber with circulating air. 

3.2 Tolerances 

3.2.1 Temperature ± 5® F (unless otherwise specified) 

3.2.2 Test Apparatus ±2% 

3.2*3 Tolerances on rates, specified test temperature, etc. 

are specified on individual testa in following paragraphs. 
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3.3 Equivalence * 

For purpose of this document, equivalence shall be taken to 
mean the ability to duplicate the function of listed equipment, 
including meeting specified accuracy where applicable. Listed 
test equipment is for reference only. 

3 • ^ Data to be Recorded 

Readings shall include cell voltage, current, pressures or trans- 
ducer resistance values as applicable and temperature of at least 
one (1) cell in each group of 10. Frequency of readings shall 
be as indicated on the RSN-3 data sheets (See EP-MP-160) . 

3.5 General Operating Requirements 
See Section 3.5 of DVTP-159. 

TESTS 

4. 1 Test Sequence 

24 Hour Vacuum Leak Test 
Overcharge-Capacity 24® C (24 hour charge) 

Perform 35°G Capacity 

Perform 0®C Capacity . 

Perform 24®G Capacity 

Electrolyte Leakage Test 

Charge Retention Test 

24 Hour Vacuum Leak Check 

Tear down test set-up and disconnect leads 

Pinch/weld fill tubes 

Helium Leak Test 
Liquid hone 

Label 

Electrolyte Leakage (48 hours upside down) 

Final Inspection 
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4.4 Overcharge " 24**C Capacity Test 

4.4.1 Requirement 

Delivered capacity shall be 3.6 ampere-hours minimum to 
1.00 Volt per cell. Maximum on-charge voltage shall not 
exceed 1.475 volts. Cell pressure shall not exceed 75 pslg 

4.4.2 Equipment 


ITEM 

MFR. 

MODEL 

ACCURACY 

Power Supply 

Harrison 

6438 or 
Equivalent 

N/A 

Ammeters 

Weston 

931 

+ 0.57. 

DVM 

Cubic or 
Equiv. 

V-71 

±0.57. 

Potentiometer 

Pyrometer 

Minimi te 
or Equiv. 


± 0.57. 

Variable 

Resistance * 



N/A 

Temperature 

Chamber 

Mlsslmers 
or Equiv. 



4;4. 3 Procedure 





4.4.3. 1 Stabilize cells at 75 ± 4®F for 2 hours minimum 
and maintain this temperature during charge and 
discharge. Maintain cell temperature 75 ± 5®F. 
257o of individual cells may be 75 ± 6®F. 

Cells are stabilized when two consecutive 15 
minute readings are the same. 

4.4.3. 2 Charge cells at 0.3 ± .01 ampere for 24 ± 0.5 
hours. 

4.4.3.3 Place on open circuit for 1 ^ \ hour. 

4.4.3.4 Discharge at 1.5 ± .05 amperes to 1.00 volt. 
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4>5 * Capacity Discharge Test - 35^C (95°F) 

4.5.1 Requirement 

Delivered capacity shall be 2.0 ampere-hours minimum to 
1.00 volt per cell. Maximum on-charge voltage shall not 
exceed 1,415 volts. Cell pressure shall not exceed 80 psig. 

4.5.2 Equipment 

(See Par. 4. 3. 2) 

4. 5.3 Procedure 

4. 5. 3.1 Stabilize cells at 95® ±5® for 2 hours minimum 
and maintain. this temperature during charge and 
discharge. 25% of individual cells may be 

95 ± 6®F. Cells are stabilized when two con- 
secutive 15 minute readings are the same. 

4. 5.3.2 Charge cells at 0.3 ± .01 ampere for 20 + 0.5 
hours. 

+ 1 

4.5. 3. 3 Place on open circuit for 1 ^ ^ hour. 

4. 5. 3.4 Discharge at 1.5 ± .05 amperes to 1.00 volt. 

4.6 Capacity Discharj^^e Test - 0®C (32®F) 

4.6.1 Requirement 

Delivered capacity shall be 3.0 ampere-hours minimum to 
1.00 volt per cell. Maximum on-charge voltage shall not 
exceed 1, 525 volts. Cell pressure shall not exceed 75 psig. 

4.6.2 Equipment 

(See Par. 4.3.2) 

4.6.3 Procedure 

^ Stabilize cells at 35 ± 2®G for a two hour 


minimum and maintain this temperature during 


charge and discharge. 25% of individual, cells 
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4.6. 3.1 Continued 

may be 32 ± 6®F. Cells are stabilized when 
two consecutive 15 minute readings are the same. 
4*6. 3. 2 Charge cells at 0*15 ± .01 ampere for 48 ± 0.5 
hours. 

+ 1 

4. 6.3. 3 Place on open circuit for 1 ^ j hour. 

4. 6.3.4 Discharge at 1.5 ± .05 amperes to 1.00 volt. 

4.7 Capacity Discharge Test * 24^C (75^F) 

4.7.1 Requirement 

Delivered capacity shall be 3.6 ampere-hours minimum to 
1.00 volt per cell. Maximum on-charge voltage shall not 


exceed 1.475 volts. Cell pressure shall not exceed 75 pslg. 


4.7.2 Equipment 


(See Par. 4.3.2) 


4. 7.3 Procedure 


4.7.3. 1 Stabilize cells at 75 ± 5®F for a two hour 

minimum and maintain this temperature during 
charge and discharge. 257o of individual cells 
may be 75® ± 6®F. Cells are stabilized when 
two consecutive 15 minute readings are the same. 


4.7. 3.2 Charge cells at 0.3 ± .01 ampere for 20 ± 0.5 hours. 
4.7*3.3 Place on Open circuit for l ^^j hour. 

4*7. 3.4 Discharge at 1. 5 ± .05 amperes to 1.00 volt. 
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4.2 Cell Conditioning 

The cells shall have satisfactorily met the requirements of 
EP-MP-160 as follows: 

1007o Helium Leak Check gauge assemblies and cells per para. 3.2.1. 
Install leads per para. 3.2.2. 

Weigh cells per para. 3.2.3. 

Activate and install gauges (w/venting provisions) per para, 3.2.4. 
Weigh cells per para. 3.2.5. 

24 Hour Vacuum Leak Test per para. 3.2.6, 

Electrolyte Leak Test per para. 3.2.7. 

Set up test equipment per para 3.2,8. 

Perform vented cycles per para. 3.2.10 - 3.2.14. 

Electrode Capacity Test per para. 3.2.15 
Perform power discharge per para. 3.2.16. 

Electrode Capacity Test per para. 3. 2, 18. 

Review data of EP-MP-160 to verify compliance, 

4.3 24 Hour Vacuum Leak Test 

4.3.1 Requirement 

There shall be no more than two (2) inches of Hg change 
in gauge reading after 24 hours stand. 

4.3.2 Equipment 
Vacuum Pump 

4. 3.3 Procedure 

Open valves on gauges. Pull vacuum to 30". Close valve. 
Read/record gauge pressures. Allow 24 hour stand. Read/ 
record gauge pressures. 


ATP-279 
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4.8 Electrolyte Leakage Test • 

Perform Electrolyte Leakage Test per EP-MP-164, paragraph 7.0. 

4.9 Charge Retention Test 

4.9.1 Requirement 

The cells shall have a voltage greater than 1.16 volts 
after 48 hour stand at 75®P. 

4. 9. 2 Equipment 

See paragraph 4.4.2. 

4.9.3 Procedure 

4. 9.3.1 Maintain the cell temperature at 75 ± 5®F. 

4.9. 3. 2 Connect cells with one (1) ohm resistors for 
16 hours. 

4. 9.3.3 Let cells stand on open circuit for 24 ± 0.5 
hours .at 75 it 5®'F. The cell voltage at the 
end of this open circuit stand shall be 1. 16 

volts or higher. 

..... 

4.10 24 Hour Vacuum Leak Check 
(See paragraph 4.3) 

4.11 Helium Leak Test 

Perform Helium Leak Test per EP-MP-164. 

4. 12 Pinal Inspection 
4. 12. 1 Equipment 

Vernier Calipers 


H-9 


Toledo Scales 


ATP-279 
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4.12.2 Procedure 

Verify cells have completed para. 4.6 thr- 7.4 of Flow 
Sheet. Verify conformance to Outline Drawing 005318. 
Refer to DS-211530 for Philco-Pord maximum outline. 
Record data on RSN-3 data sheet. 
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SCOPE 

This procedure establishes the electrical performance 
requirements for the screening testine of the sealed nickel -cadmium battery 
cells for use on the Synchronous Meteorological Satellite (SMS) program. 

All cells to become components of the SMS battery assemblies shall be sub- 
jected to the tests described herein and shall meet the performance 
criteria set forth in Table 3-2 of the Philco-Pord Power Subsystem Test 
Plan Specification SA-212067. 


2. APPLICABLE DOCUMOITS 

2.1 The following documents of the exact issue shown 

constitute a part of this procedure to the extent specified herein. 
Should a conflict exists this procedure shall govern. 

DOCUMENTS 

NASA 

NHB-5300.4(1B) Quality Program for Space System 

Contractors 


Military 

MIL-STD-454 Standard General Requirements for 

Electronic Equipment 


2.2 The following documents of the latest applicable issue form a 

part of this procedure to the extent referenced herein. 


DRAWINGS 

Philco-Ford 

Battery Cell Specification Control Drawing 


PHILCO 

WDL Division 
PhilcO^Ford Cofporalion 
Pnlo Alio, Ctilifornui 94303 
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2.2 APPLICABLE DOCUMENTS (Continued) 

PLANS 

Phtlco-Ford 

TR 4487 SMS Quality Assurance Program Plan 


SA- 2 12067 


SMS Power Subsystem Test Plan 


SPECIFICATIONS 

Biilco-Ford 

SD-212061B SMS Power Control Unit, Desigit Specification 

SP-212064C SIC Nickel-Cadmium Battery Cell (3.0 Ampere 

Hour) Procurement Specification 
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REQUIREMENTS 


3,1 Design Description .- The battery cell shall be a 3 am- 

pere-hour nickel cadmium cell, Philco-Ford part number 211530-01. 

The cell shall be a component of the battery assembly, 
Philco-Ford part number 213827-01 which shall supply energy for the 
SMS mission power profile including prelaunch, hold, abort, launch/ascent, 
solar eclipse and peak non-eclipse operations. The role of the battery in 
the electrical power subsystem is defined in the SMS Power Control Unit 
Design Specification SD-212061. 


3.1.1 Weight .- The weight of each cell shall not exceed 162 gms 
as specified in SP-212064, 


3.1.2 Electrolyte Leakage .- The battery cell shall show no 
signs of electrolyte leakage when subjected to the conditions specified 
herein. 


3.1.3 Corrosion Resistance .- All external surfaces of the 
battery cell shall show no evidence of corrosion when exposed to the 
environmental conditions specified herein. 


3.1.4 Interchangeability .- All battery cells designated as 
]^ilco-Ford part number 211530-01, shall be functionally and dimensionally 
Interchangeable in accordance with Philco-Ford Drawing 211530. 


3.1.5 Marking .- Each battery cell assembly shall have a nameplate 
identification and serial number in accordance with Philco-Ford Drawing 
Drawing 211530. 


3.1.6 Workmanship .- Standards of workmanship shall meet or 
exceed MIL-STD-454, Requirement 9. Materials utilized in the battery 
cell assembly shall comply with these standards. 


3* 1*7 Construction .- The battery cell assembly shall be con- 
structed in accordance with the requirements of Specification SP-212064. 


WDL-26 79C (12-69) 
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3.2 Battery Cell Perfonnance .- 

3.2.1 Capacity .- The Battery Cell s!. all meet the following 
capacity performance requirements, as shown in Table I. 

TABLE I 


SMS BATTERY ASSEMBLY CAPACITY PERFORMANCE REQUIROIENTS 


Min. Req'd 7. 


Temp. 

(°C) 

"1 ■ 

Discharge 

Current 

(Amps) 

^ 1 

Discharge 

Time 

(Hrs) 

Min. 

Voltage 

(Volts) 

20 ± 3 

] 

L.5 ■ 

2.0 

0.70 

2-2 

] 

L.5 

i 1-5 

0.70 

33 t 4 

] 

L.5 

; i.o 

1 

0.70 

5 to 30 

] 

L*5 

! 

0.70 



M 


3.2,2 Charging .- The battery cell shall be capable of being 
charged at a maximum charge rate of 0.3 amperes. The maximum charging 
voltage shall be limited to 1.43 volts at a test temperature of 33^C, 

1.52 volts at a test temperature of 20°C and 1.55 volts at a test temper- 
ature of 2^C. The battery shall be capable of accepting continuous over- 
charge currents of 0.3 amperes at 33°C and 20°C and 0.15 amperes at 2°C. 


m 


3, 2. 3 Retention of Charge # - Each cell shall be free of short 
circuiting paths between negative and positive tenninals and shall main- 
tain an open circuit voltage of no less than 1*16 volts when tested in 
accordance with 4.5a2«3e The cell shall meet the provisions of this 
paragraph when charged and discharged at the rates and periods specified 
in Paragraphs 3.2*1 and 3«2s2* 


3.2.4 Reconditioning .- The battery cell shall be capable of 
delivering the required capacity specified in Table I after being subjected 
to a reconditioning procedure. Reconditioning of the battery may be re- 
quired depending upon the battery use history and shall be initiated only 
upon notification and approval of the responsible engineer. 
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3. 2.5 PamaRe I ns pec t ion The Battery Cell Assembly shall be 
capable of withstanding the environmental testing specified herein without 
evidence of physical damage. Damage of the assembly shall be considered 
to be any changes in the assembly structure or components that indicate a 
possible catastrophic failure is imminent. 

3.2.6 Pulse Load .- The minimum allowable battery cell discharge 
voltage for the following pulse load conditions shall exceed 0.700 volts. 

The battery cell shall be initially fuHy charged and at a temperature of 24 ± 
5°C. It shall then be subjected to a pulse load of 25.0 amperes for a period 
of 10 seconds followed by a load of 10.0 amperes for 5 minutes. The time 
interval between the first and second pulse shall be 1.0 minute. 


Test Preparation. - 


3.3.1 Test Apparatus . - All meters, scales, thermometers, and 
other test equipment used in conducting tests specified herein shall be 
accurate within 1% of the full scale value. Full scale deflections of 
meters should be not more than twice the maximum value of the quantity 
being measured. Periods of charge and discharge shall be timed with a 
device accurate to within 1.0%. All test apparatus shall be calibrated 
at suitable intervals against standards whose calibration is traceable 
to the National Bureau of Standards or equivalent. Records of such cali- 
brations shall be available for inspection. 


3.3.2 Records .- Records shall be kept and made available for 
inspection of the tests and of applicable manufacturing data. All test 
parameters shall be recorded on a continuous basis (i.e. , temperature, 
current, voltage). 






m 


3.3.3 Test Conditions .- Unless otherwise stated, laboratory 
ambient conditions of tests shall be: 

a. Temperature 24 ±5°C 

b. Barometric Pressure 30 ± 2 inches of mercury. 

c. Relative humidity less than 90% 


3,3.4 Tolerances .- Unless specifically stated in the test pro- 
cedure the following test tolerances are allowable: 


a. 

Temperature 

± 5°C 

b. 

Voltage 

10.5% 

c • 

Current 

±5% 

d. 

Tiae 

*10% 

e. 

Resistance 

±5% 
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4. QUALITY ASSURANCE PROVISIONS 


4.1 General .- This section covers Quality Assurance require- 

ments that shall be implemented during qualification test phase to assure 
timely implementation of adequate controls in accordance with NHB 5300.4 (IB) 
and the Ihilco-Ford approved Quality Assurance Plan WDL TR-4487 to ensure 
that materials, workmanship and performance are to specified standards; and 
battery cells have been tested to approved specifications. 


4.2 Screening Tests .- Screening tests are those tests 

conducted for the purpose of providing data to be used in the evaluation 
of the SMS battery cells. The Screening tests shall be conducted 
in the sequence shown in the test matrix Table II. Tests shall include, 
but not necessarily be limited to, those shown on the test matrix. 


4.3 Inspection . - 


PHILCO 


WDL Division 
Philco-Ford Corporation 
Palo Alto. California 94303 


4.3.1 Battery Cell Assembly . - The assembly shall be visually 
inspected for damage prior to and upon completion of each test. TFR/RMR 
procedures apply to all "unusual occurrences". 

4.3.2 Notification .- The cognizant QA representative shall be 
notified at least 48 hours prior to the planned starting time of the test, 
so that timely notification of the customer representative can be provided. 


4.3.3 Documentation . - Prior to the start of the test, the unit 
to be tested and the necessary documentation shall be submitted to the 
QA representative for review to verify test readiness. The documentation 
shall include at least the following: 


4. 3. 3.1 A log for each battery cell shall be included. Each log 
shall be identifiable to the pertinent equipment and shall be maintained 
in chronological order to account for all fabrication, assembly, test and 
inspection operations; as well as idle periods (storage) and movements of 
the item. Entries shall be complete, self-explanatory and signed, and 
should Include or refer to details such as the following: 

a. Configuration data: parts list, drawings, specifications, 

changes, serial numbers, lot numbers. 

b. Fabrication and assembly history: copies of build-up and 

disassembly instructions, repairs, rework, modifications. 
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Documentation * - (Continued) 

Test and inspection records: copies of specifications , 

procedures, results, variables data* 

Non-conformances summary: non-conformance list, HRB actions, 

failures, failure analyses, corrective actions. 

Cumulative operating times or charge/discharge cycles* 

The Battery cell drawing, shop order, etc. 


Test Equiixnent Verification* - The QA representative shall 
verify that all test equipment to be used during the test carries evidence 
of valid calibration which will not expire during the expected duration of the 
test* Special bench test equipment (EXE) shall be accompanied by evidence 
that validation testing has been satisfactorily completed within the 
specified time period. Test equipment is listed in Table III, and the 
test set-up is shown in Figure 1* 

4.3.5 Test Surveillance *- Before the start of testing, the QA 
representative will verify the test set-up* During the test, the QA 
representative will witness the test* He will also perform inspection 
of the unit under test as required by this Procedure. As a minimum, he 
shall indicate completion of each test sequence where surveillance is 
required and each test data page where witnessing is required by QA stamp. 


4*4 Failure *- The term failure, as used herein, shall be 
defined as any occurrence which results in the inability of the test 
article to meet the specified performance requirements* 


4*4*1 Adjustment and Repair During Tests .- No adjustments* 
repairs or maintenance of the test article shall be allowed except as 
specified herein, or as directed by the Material Review Board* 


4*4.2 Test Failures *- If failure occurs during the performance 
of a test, the procedure described below shall be followed: 

r 

a. Quality Assucance will ensure that the failure is documented 
on a Request for Haterial Review/Trouble-Failure Report 
(RMR/TF^ and the cognizant Quality Engineer notified. 


PHILCO 

WOL Division 
Philco-Ford Corporation 
Palo Alto. Cniilornia 94303 


4. 3.3.1 

c. 

d. 


4. 3.3.2 
4.3,4 


I-ll 
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TABLE III 

BATTERY CELL TEST EQUIPMENT LIST 



Filquipnient ! 

Model or Part No.* 

1. 

Scctiou A control 

SHS HTi; - =i71-12-8G8-4A (PHOTO)- 

*■> • 

Section A ncceivs 

. 

SMS BTE ~ f>71-12-868-4li (PHOTO) 

3. 

Pover source A 

H/P 6271B, G274B 

4. 

Dif'jLnl monitor 

H/P 562A 

5. 

Digital voltmeter 

H/P 3440A 

1 b, 

t 

t 

1 

1 

L_ 

Temperature Recorder 

1 

YSI 80A with Jen No. YSI 8423-33 

1 . 

1 

1 

L____ 


*Nolo: Equivaliint ins triuncnts riay be subsLitutcicl for the models listed. 
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4.5 
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Test Failures . - (Continued) 

The QA and Engineering member of the MRB will review the 
RMR/TFR and determine whether to continue test , trouble- 
shoot to locate the probable :ause, or to route the assembly 
being tested to rework or to tie Material Review Board. The 
agreed upon disposition sha?l be entered on the RMR/TFR. In 
the event they are unable to reach an agreement, the assembly 
shall be routed to MRB. 

When trouble-shooting is authorized and the probable cause 
determined, it will be documented on the RMR/TFR with a 
recommended course of action mutually agreed on by the QA 
and Engineering member of the MRB. 

The cognizant Quality Engineer shall ensure that each test 
failure is reported to GSFC within 24 hours after discovery 
on NASA/GSFC Form 4-2 (9/67). 

When test equipment fails during performance of the test, 
the measurements in progress at time of failure shall be 
repeated unless otherwise authorized by the QA and Engineer- 
ing member of the MRB. 


Test Methods.* 


4.5.1 Examination of Product .- Each battery cell submitted for 
screening, shall be inspected to determine compliance with this procedure 
and drawing 211530 with respect to workmanship, construction, interchange- 
ability, sealing, cell container, weight, dimensions, identification marking, 
packaging and packing, and terminals. 


4.5.2 


Functional Performance. - 


4. 5.2.1 Electrolyte Leakage .- This test shall occur Immediately 
after completion of charge, during which cell must have received a minimum 
of 4 hours of overcharge to assure a positive cell pressure with respect 
to atmospheric pressure. An initial leakage check shall be performed to 
verify the integrity of the cell seals prior to electrical performance 
testing. 


Prior to start of charge, the cell shall be thoroughly 
cleaned with distilled water and alcohol • All mechanlcariy sealed areas 
on the cell cover shall be swabbed with phenolphthaleln solution. A red 
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4. 5.2.1 Electrolyte Leakage .- (Continued) 

indication on the swab is evidence of electrolyte leakage. In the event of 
a positive indication, the cell shall again li cleaned and the teat repeated. 

If a positive indication of leakage is present during the second leakage test, 
the cell shall be rejected. See data sheets in Appendix A for detail test steps. 


4. 5. 2. 2 Reconditioning Procedure.* Discharge the battery cells to 0.7 

+ 0.30 volts at the c/2 rate (1.5 + 0.05 amp). Then short each cell with 1 
ohm until the voltage is less than 0.2 volts, but for 4 hours minimun in any 
case. Recharge the battery cells for 40 + 0.5 hours at the C/20 rate (0.15 
+ 0.015 amps). After charging, discharge the battery cells to 0.7 volts + 
0.30V at the C/2 rate, then place a one ohm resistor across the cell terminals 
until the voltage is less than 0.2 volts, but for 4 hours minimian in any case. 
Charge the battery cells at 0.3 + 0.015 amperes for 16 + 0.5 hours. Discharge 
the battery cells to 0.7V + 0.3V at (1.5 + 0.05 amps). Short each cell with a 
one ohm resistor for 16+0.5 hours. 

NOTE; Measurement accuracy shall be as specified in Paragraph 3.3.4. 


4.5. 2. 3 Charge Retention .- This test shall be initiated with the battery 
cells discharged. Each cell shall be drained with a 1 ohm load for 16 + 0.5 
hours at a temperature of 20 + 3*^C. (Charge cycle #2 and discharge cycle #3 of 
Paragraph 4.5. 2. 2 may be substituted for charge/discharge cycle requirements 
specified in Paragraph 3.2.3 for this test.) The cell shall then be placed on 
open circuit for a period of 24 + 0.5 hours at 20 + 2°C. The cell voltage at 
the end of this open circuit stand period shall be 1.16 volts minimum. The 
measurement accuracy of the test parameters shall be in accordance with Para- 
graph 3.3.4. Disconnect cells froa all instruaentation and aqaipaant for aani- 
toring cell voltages during the 24 hour open circuit stand period. 


4. 5. 2. 4 Capacity .- Unless otherwise specified, the capacity test shall 
be performed at 20^ + 3^C ambient temperature. Ampere hour capacity shall be 
measured to the cutoff voltage given for the rate specified and shall not be 
less than the capability specified in 3.2.1. Discharge each battery cell to 
0.7 +0.3 volts, and place a 1.0 ohm resistive load on each cell until the 
voltage is less than 0.2 volts, but for 4 hours minimum in any case. Each 
battery cell shall be charged at C/10 (0.30 + 0.015 ampere for 20 + .5 hours 
then placed on a 1.0 + 0.1 hour open circuit stand. The discharge capacity 
shall be at least 3.0 ampere hours at C/2 (1.5 + .05 amperes) rate to the apeci- 
fled cutoff voltage. At no time shall the discharge voltage fall below 0.4 volts. 

NOTES 1. The voltage on charge shall never exceed the specified 
maximum cell voltage of 1.52 volts. 

2. Charge retention test of Patagraph 4. 5. 2. 3 may be aubatltuted 

, for preliminary discharge cycle for this test. 
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4.5. 2.4 Capacity . - (Continued) 

NOTES: 3. Each cell voltage and the cel"* case temperature for one 
out of every eight cells shall be raon-^tored continuously 
and recorded as follows: ^ 

i 

a. Immediately prior and after start of each charge or | r. 

discharge step. 

b. At one hour maxlmun Intervals during all charges. 

c. At 15 minute maximum Intervals during discharges. 

4. Measurement accuracy shall be as specified In paragraph 
3.3.4. 


4.5. 2. 5 Low Temperature Capacity .- The battery cell temperature shall 
be maintained at 2° -2, +4°C for 6.0 + 1,0 hours prior to and during charge 
and discharge. Each cell shall be fully discharged with a 1 ohm load until 
the voltage Is less than 0.2 volts, but for 4 hours minimum In any caae, then 
stabilized at the test temperature. (Room temperature capacity discharge 
cycle of Paragraph 4.5. 2.4 may be substituted for preliminary discharge cycle 
for this test.) The battery cell charge voltage shall not exceed 1.55 volts 
during the 48 +0.5 hours charge at 0.15 + 0.015 ampere rate. The deliverable 
capacity shall be at least 2.25 ampere hours at the C/2 rate (1.5 + 0.05 amperes) 
when the battery cell is discharged to a voltage of 0,7 + 0.3 volts. Measurement 
accuracy shall be as specified in Paragraph 3.3.4. 


4.5.2. 6 High Temperature Capacity .- With the battery cell temperature 
maintained at 33 +2, -4°C during charging and discharging, the discharge capacity 
shall not be less than 1.5 ampere hours when charged at C/10 (0,3 +0,015 ampere) 
for 20 + .5 hours placed on open circuit for one hour and discharged at the two 
hour rate (1.5 + 0.5 amperes) to a cell voltage of 0.7 + 0.3 volts. Before 
charging the battery shall be fully discharged with a 1.0 ohm resistor placed 
across the cell terminals for 16.0 + 0.5 hours and stabilised at the teat temper- 
ature for 6.0 + 0.5 hours. The maximum charge voltage shall not exceed 1.43 
volts. 

NOTES: 1. The measurement accuracy shall be as specified In Para- 
graph 3.3.4. 

2. Low temperature capacity discharge cycle of Paragraph 4.5.2. 5 
may be aubatltuted for preliminary discharge cycle for this 
test. 
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4?5s2.7 Caoacltv Cycle .- The capacity cycle teat ahall be performed 
at i0° + S^C temperature. Each cell ahall be charged at C/10 (0.30 + 0.015 
amperes) for 20 + .5 hours then placed on a 1.0 + 0.1 hour open circuit 
stand. The cells shall then be subject to 20 dlscharge/charge cycles con- 
sisting of a 1.20 + 0.1 hour at the C/2 rate 1.5 + 0.015 amperes discharge 
and a 10.8 + 0.2 hours charge at the C/10 rate 0.3+ .003 amps. Following 
the 20 cycle sequence a capacity test as defined ln*~4.5.2.4 shall then be 
performed. During the 20 cycle sequence no cell voltage shall be less than 
1.15 volts. 

NOTE: The measurement accuracy shall be as specified In paragraph 3.3.4. 


4. 5. 2. 8 Pulse Load .- Each battery cell shall be fully charged prior 
to the initiation of this test. With the cell stabilized at 24 + 5°C 
for 6.0 + 0.5 hours and then discharged C/2 (1.5A + 0.05A) for 0.2 + 0.05 
hours, each battery cell shall be subjected to two pulse load conditions 
as follows. 

a. Discharge at 25 +0.5 amperes for a period of 10.0 + 

2.0 seconds. 

b. Discharge at 10.0 + 0.05 amperes for a period of 5.0 + 

0.5 minutes . 


The period of time between these pulse discharge loads shall 
be at least 1.0 minute. The minimua allowable cell discharge voltage shall 
be 0.700 volt. The measurement accuracy shall meet the tolerances described 
In Paragraph 3.3.4. 


4. 5. 2. 9 Electrolyte Leakage. - Each battery cell shall be subject 

to an electrolyte leakage measurement In accordance with Paragraph 4. 5. 2.1. 
The battery cell seals shall show no evidence of electrolyte leakage. 
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PREPARATION FOR STORAGE 


5.1 Preservation. Packaging and Scorage .- After completion 

of tests each battery cell shall be preserve'i within two weeks by per- 
forming the following; 

a. Discharge each cell below 0.1 volt by clipping a one ohm 
resistor across the cell terminals. 

b. Remove the one ohm resistor and short the cell terminals 
by wrapping a copper wire around cell terminals. 

c. Place each battery cell in a polyethylene bag. 

d. Package each unit in a manner to avoid damage during 
handling. 

NOTE: For long term storage (periods in excess of two weeks) 

battery cells shall be stored in a clean dry area at a 
temperature between 10 to 28°C. 
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6.1 Definltions.- 


6.1.1 Battery Cell Capacity .- Battery Cell capacity is the 
discharge measur<!:;d quantitatively in ampere hours at the specified dis- 
charge rate to the specified cell cutoff voltage. 


6.1.2 Cutoff Voltage .- The cutoff voltage of a cell is defined 
as that discharge voltage which represents the complete discharge condition 
of the cell for a particular rate. Discharge beyond this voltage would 
yield an insignificant amount of useful energy. 


6.1.3 Reconditioning . - Depending on the use history of a Battery 

Cell, the responsible engineer may utilize the reconditioning procedure 
delineated in Paragraph 4. 5.2.2 prior to any test. 
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7 . TEST PROCEDURE DATA SUMMARY 


TEST/ PARAGRAPH 

REQUIREMENT 

DATA 

DATE 

TEST OPERATOR 
QA INSPECTOR 

EXAMINATION OF PRODUGT/4 .5.1 




Workmanship/3. 1. 6 

MIL- STD- 454, Reqt. 9 



Construct ion/3 . 1 • 7 

SD-212066 



Interchangeability/3,1.4 

DWG. 213827 



Weight/3.1.1 

^^162 gms 

gms 


Dimens ion/ 3. 1 

DWG. 211530 



FUNCTIONAL PERFORMANCE/4.5. 2 




Leakage/4.5.2.1 

Colorless 



Recondition/4.5.2.2 

>3.0 AH 

AH 


Charge Retention/4.5.2.3 

>1.16 V/Cell 

V/Cell 


Capacity/4.5.2.4 

53.0 AH 

AH 


Low Temp Capacity/4.5.2,5 

^2.25 AH 

AH 


Hi Temp Capacity/4. 5. 2, 6 

?1.50 AH 

AH 


Capacity Cycle/4,5,2.7 

>3.0 AH 

AH 


Pulse Load/4.5.2.8 

>0. 7 V 

V/Cell 


Leakage/4.5.2.9 

Colorless 
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Paragriiph 4.5.1 

TEST CONDUCTOR 

INSPECTOR 

REQUIRED: VffilGHT 


EXAMINATION OF PRODUCT TEST DATA 
DATE 

162 CMS AND CHECK IP ACCEPTABLE PER SPECS. 


CELL • 

WEIGHT 

WORKMAN - 

! INTERCHANGE- : 



S/N ' 

! 

CMS 1 

[SHIP 

j CONSTRUCTION ABILITY 1 

DIMENSIONS 

COMMENTS 
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CHECK IF BOTH 


CEiLL 

POLES ACCEPTABLE 

COMMQITS 

S/N 

4.5.2. 1 4.5. 2. 9 
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RECONDITIONING 
4 . 5 . 2. 2 


CELL 

CELL 

CELL 

CELL 

POSITION 

S/N 

POSITION 


19 


20 


17 


18 


15 


16 


13 


14 


11 


12 


9 


10 

1 

7 


8 


5 


6 


3 


4 


1 


2 
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SMS BATTERY CELL DEVELOPMENT 
PROGRAM SUMMARY 

EAGLE-PICHER CELL SERUL NUMBERS 1 THROUGH 12 
DETAILED DATA SUMMARY 


2>23«72 - Shorting wire removed from cells 

Temperature 75°F. 0900 

Reconditioning 

C/10 (.3A) charge 47.5 hours. 70® + 2®P. 


2-25-72 - 


C/10 (.3A) charge complete 0830 70® + 2®F. 

End of charge voltage: 


^^h.454 

*’h.455 

<3)1.457 

<^>1.457 

<3)i.452 <®)i.450 

^^h.459 

«>1.432 

<^)l.450 

<10)1.460 

<ll)l.457 <l^)l.463 

C/2 (1.5A) 

Discharge 

to 1.0 V, 

0905 70® 

+ 2®F 


2-28-72 

2-29-72 


Discharge Capacity (Ampere hours) : 

^^U.50 ^^^4.59 ^^U.5.0 ^^U.50 ^^U.50 ^^\.50 

^^K.55 ^®^4.50 ^^h.59 ^^°^4.50 ^^^U.50 ^^^U.50 

One-ohm load on each cell 1300, 75®F. 

C/10 (.3A) charge 20 hours, 1315, 71® + 2®F. 

C/10 (.3A) charge complete 0915 71® + 2®F. 

End of charge voltage: 

^^h.458 ^^^.452 1.453 ^^^1.462 ^^^1.455 ^®h.454 

^^^1.455 ^®^1.452 ^^h.443 ^^°h.465 ^^^^1.455 ^^^^.463 

C/2 (1.5A) discharge to 1.0 V. 72®F + 2®F, 0930 
Discharge capacity (ampere hours): 



< 1 ) 4.28 

<^^4.33 

< 3 ) 4.20 

*‘*4.38 

< 3 ) 4.33 < 0 ) 4.33 

C 

<^)4.33 

< 0 ) 4.33 

<^^4.33 

<“»4.38 

<11^.30 < 1 ^) 4 . 39 


c/20 charge, 1500, 28® + 2®F, 46.7 hours. 
Peak Voltage*, 28° + 2®F, 0000 - 3/2/72 


< 1 ) 1.540 

<^) 1.540 

< 3 ) 1.540 

**' 1.540 

< 3 ) 1.540 < 0 ) 1.540 

<^)l.560 

<0) 1.540 

<^) 1.540 

<>“'l.540 

< 11 ) 1.540 < 1 ^) 1 . 560 


*Data reduced from multipoint chart 


SMS BATTERY CELL DEVELOPMENT 
PROGRAM SUMMARY 

EAGLE-PICHER CELL SERIAL NUMBERS 1 THROUOt 12 
DETAILED DATA SUMMARY 


2>23>72 * Shorting wire renoved froa cells 
Temperature 7S°F. 0900 

Reconditioning 

C/10 (.3A) charge 47.5 hours. 70® + 2®F, 


2-25-72 


C/10 (.3A) charge complete 0830 70® + 2®F. 

End of charge voltage: 


^^h.454 

^^'^1.455 

1.457 

^^^1.457 

^®^1.452 ^®^1.450 

^^^1.459 

1.452 

^®h.450 

^^®h.460 

^^^^1.457 ^^^^1.463 


C/2 (1.5A) Discharge to 1.0 V, 0905 70® + 2®F 
Discharge Capacity (Ampere Hours) : 

^^^4.50 59 ^^^4.50 ^^^4.50 ^^^4.50 ^^^4.50 

^^^4.55 ^®^4.50 ^^^4.59 ^^®U.50 ^^^^4.50 ^^^^4.50 

One-ohm load on each cell 1300, 75®F. 


2-28-72 

2-29-72 


- C/10 (.3A) charge 20 hours, 1315, 71® + 2®F. 

- C/10 (.3A) charge complete 0915 71® + 2®F. 

End of charge voltage ; ~ 

^^^ 1.458 ^^^.452 ^^ h .453 ^^^ 1.462 ^^^.455 ^*^ 1.454 

^^^1.455 ^®^1.452 ^® h .443 ^^° H .465 ^^^^1.455 ^^^^.463 

C/2 (1.5A) discharge to 1.0 V. 72®F + 2°F, 0930 
Discharge capacity (ampere hours): 

^^ U .28 ^^ U .33 ^^^ 4.20 /^ V .38 ^^^ 4.33 ^-^.33 

f^^4.33 ^®^4.33 ^^\,33 ^^^^4.30 ^^^V.39 

0/20 charge, 1500, 28° + 2®F, 46^7 hours. 

Peak Voltage*, 28° + 2°F, 0000 - W2/72 

/^h.540 ^^^1.540 ^^^1.540 ^^^1.540 ^^^1.540 ^®^1.540 

^^h.560 ^®'l.540 ^®H.540 ^^°^1.540 ^^^^1.540 ^^^^1.560 

*Data reduced from multipoint chart 
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3-2-72 


- 2 - 


C/20 charge complete 1345 28 + 2°F 

End of charge voltage: 


^^^1.495 

^^h.491 


.511 

^^^1.498 

^^h.496 ^^H.498 

• 

o 

o 

^®h.495 

<^>1, 

.494 

^1°>1.496 


c/2 discharge to I« 

0 V. 

1400, 

30 + 2°F, 

one ohm on. 


Dlacharge capacity (ampere hours) : 


^^^3.43 

(2)3.51 

(^>3.43 


(^)3.48 (^)3.39 

^^^3.48 

(«>3.46 

(^)3.52 

<>«3.40 

(^^)3.45 (^ 2 ) 3,40 


3-6-72 - One-ohm off. C/10 charge, 1430, 95 + 2°F, 23 hours. 

3-7-72 - C/10 charge complete, 1310, 94 + 3®F. 

End of charge voltage: 


(^)l.384 

(2)i.385 

(^)l.388 

(^) 1.384 

(^)l.383 (®)l.385 

(2)i.385 

(®)l.384 

(^)l.382 

(^°) 1.393 

O'^) 1.387 (^ 2)3392 


C/2 discharge to 1.0 V. 1312, 92° - 97°F, one ohm on. 


Discharge 

capacity 

(ampere hours); 


(^)2.82 

( 2 ) 2.91 

(^)2.97 

**' 2.80 

<=>2.77 <«2.77 

( 2 ) 2.85 

(®)2.86 

(^)2.80 

<“>3.27 

«»2.98 <“>3.19 


3-14-72 - One-ohm off. C/10 charge, 1700, 70°F, 21.5 hours. 

3-15-72 - c/10 charge complete, 1435, 70°F. 


End of charge voltage: 


(^) 1.490 

( 2 )l 

.492 

(^) 1.494 

(^) 1.497 

(^) 1.499 

(®) 1.498 

(2) 1.502 

(8)j 

.493 

(^)l,495 

(^°)l.495 

()^^) 1.487 

(^2)1.499 

c/2 discharge. 

1.2 

hour 1440, 

72°F. 



End of discharge voltage : 




(^) 1.244 

( 2 )l 

.249 

(^) 1.248 

(^) 1.249 


(®) 1.250 

(2)i.251 

( 8)1 

.248 

(^) 1.248 

('°)l.250 

('l)l.248 

(12)1.246 


Start C/10 charge, 10.8 hours, 1552. 


3-16-72 - Cycle #2 charge, 0235 

End of charge voltage: 


(1) 1.463 

(2)1.465 

(^) 1.468 

(^) 1.466 

(5).„ 

(^)l.467 

(2) 1.469 

(®) 1.463 

(®)l.464 

(l°)l.465 

(11) 1.463 

(12)i,468 

Cycle #2 discharge, 0350 
End of discharge voltage: 

(l)l.241 (^) 1.244 (^) 1.246 

(^) 1.244 

(^) 1.244 

(^) 1.244 

(2) 1.245 

(8)1.243 

(9)1.245 

(10)— 

(lDl.242 

(1^) 1.242 


3 


3-16-72- CycU #3 charge, 1435, 70°F 
End of charge voltage: 


^^^1.448 

^^^.448 

»> 1.451 

<^>1.450 

^^h.450 

(*>1.453 

^^^1.453 

1.450 

*’H.449 

^^°h.452 

^^^^1.449 

(^^>1.453 

Cycle #3 discharge, 1550, 70°F 
End of discharge voltage: 

1 . 237 ^ 1 . 240 1.241 

• 

^^^1.239 


(*>1.241 

<'>1.24X 

1.239 

1.240 

1.238 

^^^h.238 

(^^>1.237 


3-17-72 ” Cycle #4 charge, 0235 


(^>1.429 

(^>1.430 

<«1.435 

^^^1.432 


(*>1.433 

(^>1.434 

(*>1.435 

*’h.432 

«“) 1.430 

(“>1.433 

(“>1.433 

Cycle M discharge, 0350 
End of discharge voltage: 

(^>1.230 (^>1.234 (^>1.234 

^*'l.234 


(*>1.234 

(^>1.234 

(*>1.231 

(®> 1.233 

(W... 

(^“ 1,232 

(“>1.232 


Cycle #5 charge, 1435, 72°F 


<»1.435 

(^>1.435 

(*>1.438 

^*^1.435 

(*>1.433 

(*>1.437 

*^*1.435 

(*>1.433 

(^>1.432 

<“>1.435 

(“>1.432 

(“>1.435 

3-17-72 - Cycle 5 discharge, 1550 
End of discharge voltage: 

(^>1.230 (^>1.234 (*>1.234 

<*>1.234 

(*>1.235 

(*>1.234 

(^>1.235 

(*>1.233 

(^>1.235 

<“>1.234 

(^^>1.232 

(“>1.232 


3-18-72 - Cycle #6 charge, 0235 
End of charge voltage: 

^^^1.425 ^^^1.426 ^^^1.429 ^^il.429 ^^h.426 ^^^1.428 

^^^.427 ^®^ 1.427 ^®^ 1.425 ^^^^ 1.424 ^^^^ 1.426 

Cycle discharge, 0350 


(^>1.232 

(^>1.235 

(*>1.235 

(^>1.235 

<®>1.236 

(*>1.235 

(^>1.237 

(*>1.232 

(^>1.235 

(10)— 

<“>1.233 

(“>1.233 
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3-18-72 - Cycle #7 charge, 1435 
End of charge voltage: 


(1) 1.424 (2) 1,425 


<‘>1.424 

(^)l.424 

<‘>1.423 

(^)l.426 (®)l.424 

(^^ 1.423 

<“>1.421 

^ll)l.420 

<“>1.421 

Cycle 7 discharge^ 
End of discharge vo 

(l)l.225 (2 )i.230 

1550 

Icage: 

(^H.231 

(^^1.229 

(^)l.230 

<‘>1.231 

(^)l.229 (®)l.229 

^^)l.228 

(^°^1.228 

(11^.228 

<“>1.229 


3-19-72 - Cycle #8 Charge, 0235 * 

Cycle Discharge, 0350 * 

Cycle n Charge, 1435 * 

Cycle n Discharge, 1550 * 

3-20-72 - Cycle #10 Charge, 0235 * 

Cycle y/10 Discharge, 0350* 

*Data not available for Cycles 8, 9, and 10 due to data 
acquisition system malfunction. 

Cycle #11 charge, 1435, 70°P. 

End of charge voltage: 

^^^1.428 ^^h.428 ^^)l.431 (5),/.,, (6) 


^^^1.429 ^® h .428 ^^^.426 

Cycle #11 discharge, 1550, 70°F 
End of discharge voltage 


1.428 '■'M.427 

1.428 (11) 


1.430 

1.425 (12) 


1.427 


(1)1.221 

(^) 1.225 (^) 1.224 

CM 

CM 

• 

<‘>1.223 

<‘>1.225 

(^) 1.227 

(®) 1.222 (®) 1.225 

(^) 1.225 

<“>1.222 

<“>1.222 

- Cycle #12 

; charge, 0235, 60°F. 




End of charge voltage; 




<»1.445 

(^) 1.443 (^) 1.446 

(^) 1.444 

<»- <‘>1.944 

<’>1.448 

(®) 1.446 (®) 1.444 

(l°)l.442 

(“) 1.442 

(l^)l.443 

Cycle #12 discharge, 0350, 60' 




End of discharge voltage: 




(^)l.217 

^^^1.225 ^^^1,224 

(^) 1.222 

(3)-.. (®) 1.223 

(1) 1.224 

(®)l.226 (^)l.222 

()°)l.223 

<“>1.222 

<“>1.221 

Cycle #13 

charge, 1435, 60°F 




End of charge voltage: 




(1)1.448 

(2)1.445 (3)1.448 

(^)l.444 

(^) 1.446 (^) 1.450 

(1) 1.447 

(®)l.446 (^) 1.443 

((°) 1.446 

(11) 1.443 

<“>1.446 


( 12 ) 


.222 
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3-21-72 - Cyclt #13 discharge, 1550, 60«F 
End of discharge voltage: 

<*>1.224 <>>1.224 <<>1.225 

<’>1.227 <*>1.223 <’>1.226 <>’>1.222 <“>1.223 <“>1.222 

3-22-72 - Cycle #14 charge, 0235, 60®F 


End of charge voltage : 
^^ Ht 442 ^^^ 1.441 ^^ h .443 

^^ H .439 

^^ h .439 

1.444 

^^ h .442 ^®^.440 ^® h .438 

<1®>— 

^^^^1.438 

^^^^1.440 

Cycle #14 discharge, 0350, 60®P 
End of discharge voltage; 

/^^ 1.226 ^^^ 1,228 ^^^ 1.230 ^^ U .228 

^^^1.229 

^®^1.233 

^^^1.231 ^®^1.230 ^^^1.230 

<“>l.23l 

^^^^ 1,227 ( 12 )-^- 

Cycle #15 charge, 1435, 60®P 
End of charge voltage: 

^^^1.447 ^^^.444 ^^>1.447 

<‘>1.443 

^^^1.444 

1.447 

^^^1.445 ^®^.444 *^’^.442 

<>’>1.444 

1.442 (1^) 1.444 

Cycle #15 discharge, 1550, 60®P 
End of discharge voltage: 

^^^ 1.216 ^^^ 1.221 ^® h .220 ^^^ 1.219 

^^^1.219 

^®^1.220 

(7>i222 (®>i.218 ^®^1.221 

<>’>1.217 

^^^^1.219 ^^^)l.2l8 

Cycle #16 charge, 0235, 60®P 
End of charge voltage: 

^^^1.440 ^^^1.438 1.442 

^^^14438 

1.442 

^®^1.442 

^^^1.441 ^®^1.440 ^®^1.438 

^^° h .437 

^^^^ 1.439 

. (12)... 

Cycle #16 discharge, 0350, 60' 
End of discharge voltage; 

^^^1.225 ^^^1.231 

“P 

1.230 

^^^1.229 

1.230 

(7)^ 232 1.228 1.230 

(10)— 

^^^^ 1.227 

^^^^1.225 

Cycle #17 charge, 1435, 60®P 
End of charge voltage: 

^^^1.446 ^^^1.445 1.447 

^^^ 1.442 

^^^ 1.444 

1.447 

^^^1.446 ^®^1.444 ^^^1.442 

(^°> 1.444 

^^^^ 1.442 


Cycle #17 discharge, 1550, 60®P 
End of discharge voltage: 

^^ h .218 ^^^ 1.222 ^®^.221 ^^^ 1.221 

^^ h .220 

^®^1.222 

^^^1.224 ^®h. 220 ^®^1.222 

^^°^ 1.220 

^^^^1.220 
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3-24-72 


Cycle #18 charge, 0235, 60°P 
End of charge voltage: 

^^^1.440 ^^^1.440 ^^^1.442 ^^h.438 

^^^1.440 1.439 ^^^.437 


1.437 


^^^1.440 ^®h.442 

('^>1.439 


Cycle #18 discharge, 0350, 60°F 
End of discharge voltage: 


(7) 


Cycle #19 charge, 1435, 60°F 
End of charge voltage: * 


1.225 ^^^1.226 

^^^1.227 

(4), 

1.230 ^®n.231 

^®n.227 

(10) 


(5) 


1.231 


( 6 ) 


1.229 ^^^^1.227 


1.229 

( 12 ) 


1.226 


♦Data not available due to data tape change during period 
of acquisition. 

Cycle y/19 discharge, 1550, 60°F 
End of discharge voltage: 

( 1 ) 


'1.224 


^^^ 1.230 ^^^ 1.230 


^^^.229 


(7). 


( 8 ). 


'1.231 ^“'1.226 

3-25-72 - Cycle #20 charge, 0235 


^^^ 1.228 ^^°^ 1.227 


1.229 

( 11 ) 


( 6 ) 


1.225 


1.230 

( 12 ) 


1.226 


End of charge voltage: 
^^h.440 1.437 ^^^1.437 

^^^1.441 

<^>1.437 

<‘>1.441 

^^^1.440 ^®H.439 ^^^1.438 

1.436 

^^^H.436 (1^)i.438 

Cycle y/20 discharge, 0350 
End of discharge voltage: 

. (2)j 217 ^^h.222 

^^h.222 

^^^1.221 

(^^1.221 

^^^1.223 ^®n.219 ^^^1.222 


^^^h.2l8 

^^^^1.218 

Cycle #21 charge, 1435, 8 5°F 
End of charge voltage : 

^^^.440 ^^^1.438 ^^^1.441 

^^^.438 

(5)-. 

1.442 

^^H.440 ^®n.438 ^^^1.437 

(io>— 

(^^^1.436 

^^^^1.439 

Cycle #21 discharge, 1550, 85°F 
End of discharge voltage : 

^ ^^^.231 ^^^1.236 ^^^1.236 

(^h.236 

1.235 

^^%.236 1.232 ^^^1.233 

<“>1.234 

^^^H.232 (1^^1.231 

Cycle #22 charge, 0235, 8 5®F 
End of charge voltage: 

^^^1.384 ^^^1.385 ^^^1.389 

^^) 1.385 


1.386 

^^^1.390 ^®H.388 ^^^1.386 

(10) 

«»1.391 

^^^^.395 

J-8 
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26«72 > CycU #22 discharge, 0350, 85°F 
End of discharge voltage: 


<^)l.214 

<^) 1.214 

0>l.2l7 

(4)i 

<^) 1.217 

<®)l.216 

^”l.2l5 

(10) 

Cycle #23 charge, 1435, 85®F 
End of charge voltage : 


<^)l.395 

<^)l.395 

<5)i.392 

(4)^ 

<^)l.390 

<®)l.387 

<^) 1.392 

(10) 

Cycle #23 discharge 

, 1550, 85 

°F 

End of discharge voltage: 


<1)— 

<^)l.211 

<5)i.216 

<">l.; 

<^)l.217 

<®)l.213 

<^) 1.215 

(10) 


.216 ^® h .213 ^*^1.218 
1.216 ^^^ H .217 ^^^ h .211 


.386 ^^^1.390 1.390 

1.392 1.390 ^^^^1.388 


^^h.215 ^^^1.215 

^^^h.213 ^^^h.214 


27-72 - Cycle #24 charge, 0235, 85°F 
End of charge voltage: 


<^)l.387 

<^)l.388 

<5)i.388 

<^)l.391 

<7) 1.389 

<®)l.389 

<^)l.388 

<^°) 1.385 


<5)1.386 <5) 


% 

1.386 


( 11 ) 


1.392 


( 12 ), 


1.397 


Cycle #24 discharge, 0350, 85®F 
End of discharge voltage: 


^ata not available due to data tape change 
during period of acquisition. 

Cycle #25 charge, 1435, 85®F 
End of charge voltage: 

(5) 


<^)l.396 

<2)i.398 

<5)i.401 

<^) 1.395 

<’)l.399 

<®) 1.397 

<^) 1.395 

<^°) 1.405 

Cycle #25 discharge, 1550, 85 
End of discharge voltage: 

°F 

<^) 1.207 

<^) 1.212 

<5)i.213 

<^)l.211 

<^) 1.215 

<®) 1.209 

i^) 1.212 

<l°)l.212 


1.396 
( 11 ) 


( 6 ) 


1.401 


1.396 

( 12 ) 


1.405 


<5)i.209 <5)i.211 

<^^) 1.210 <^^) 1.212 


28-72 - Cycle #26 charge, 0235, 85 F 
End of charge voltage: 


<^) 1.389 

<^)l.392 

<5)i.396 

<^) 1.390 

(5).. 

<^)l.394 

<®)l.390 

<®) 1.389 

(10)... 

(ll)l 

Cycle #26 discharge, 0350, 85®F 
End of discharge voltage: 

<^)l.206 <^)l.212 <5 )i.212 <^)i.212 

<5>1. 

<^) 1.214 

<®) 1.206 

<’) 1.209 

<^°^ 1.208 

(11) 
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( 6 ) 


1.392 


( 12 ) 


1.398 


( 6 ) 


1.210 


1.207 <^^)l.208 
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3-28-72 - Cycl« #27 charge, 1435, 85®F 


End o£ charge voltage; 


^^h.390 

^^H.390 

^^^1.394 

Wj.397 

^^^1.391 

^^^.391 

^^^1.392 


1.392 

*“*1.389 

^^^^1.395 

^^^^1.398 


Cycle #27 discharge, 1550, 85°F 
End of discharge voltage: 


^^^1.203 ^^h.208 ^^^.209 

^^h.206 

^^h.205 

^^h.206 


^^^1.211 ^®h.204 ^^^1.208 

^^°h.208 

^^^h.206 

^^^h.208 

- 

3-29-72 - Cycle #28 charge, 0235, 85°F 
End of charge voltage : 

^^h.388 ^^H.391 ^^h.395 

^^h.390 

(^h.391 

^®h.394 


^^h.393 ^®h.390 ^^h.389 

(10>1.394 

(ID... 

^^^h.398 


Cycle #28 discharge, 0350, 85 
End of discharge voltage: 

^^^1.205 ^^h.211 

“f 

^^h.2l3 

(^h.208 

^*h.208 


^^h.213 ^®h.206 ^^h.209 

(10)... 

^^^h.208 

^^^h.209 


Cycle #29 charge, 1435, 8 5°F 
End of charge voltage: 

^^h.393 ^^h.395 ^^h,399 

^^h.394 

^^h.394 

^^h.395 


^^h.396 ^®h.393 ^®h.392 

^^°h.400 

^^^h.395 

^^^h.400 


Cycle #29 discharge, 1550, 85 
End of discharge voltage: 

^^h.l98 ^^h.205 ^^^1.205 

°F 

^-h.202 

(^) 1.200 

(^)l.202 


(^h.208 ^®h.200 ^®h.204 

(^°h.205 

(11) 1.203 

<12)1.204 


3-30-72 - Cycle #30 charge, 0235, 85°F 
End of charge voltage: 

^^h.388 ^^h.391 ^^^1.395 

^^h.390 

^^^1.391 

<®h.392 


^^^1.390 ^®^1.389 ^®h^392 

(^°h.391 

^^^^1.396 

<12) 1.396 


Cycle #30 discharge, 0350, 85 
End! of discharge voltage: 

^^^1.204 ^^h.210 ^^h.212 

®F 

^^h.208 

(5)i.208 

(^>1.206 


^^^1.207 l®h.206 ^^h.212 

^^°h.205 

^^^h.208 

<12) 1.206 


Cycle #31 charge, 1435, 85°F 
End of charge voltage: 

^^h.385 ^^h.388 ^^h.391 

(^^1.388 

(^h.389 

(®h.389 


^^H.392 ^®^1.390 ^^h.389 

^^°h.394 

(11)... 

< 12 ) 1.399 
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3-30-72 - Cycle #31 diecharge, 1550, 85®P 
End of dlaeharga voltage: 

/^^1.203 ^^^1.204 ^^^1,210 ^^^.210 

^^^.206 ^®^1.212 ^^h.204 ^^®^1.207 


^^H.207 ^®h.206 
^^^^.206 ^^^^1.208 


3-31-72 - Cycle #32 charge, 0235, 85®F 
End of charge voltage: 


^^^1.384 

^^H.385 

1.387 

^^^1.383 

^^^.383 

^*^1.385 

^^pl.385 

^®^1.383 

1.383 


^^^^1.387 

^^^^1.389 


Cycle #32 discharge, 0350, 85°F 
End of discharge voltage: 


^ata not available due to data tape change 
during period of acquisition. 

Cycle #33 charge, 1435, 85°F 
End of charge voltage: 

^ata not available due to data tape change 
during period of acquisition. 


Cycle #33 discharge, 1550, 85®F 
End of discharge voltage: 

f»l.l90 <«1.197 »>1.19S <^>1.193 <«1.194 <«1.192 

^^H.199 ^®h.l90 ^’H.194 ^'®h.l97 ^**h.l94 ^“h.l96 

4-4-72 - C/20 charge, 0900, 70°F, 56,5 hours. 


4-6-72 - Charge complete, 1730, 72°F 
End of charge voltage: 

^^^.426 ^^h.426 ^®^1.428 ^^^1.428 ^®^1.427 ^®h.430 
^^ h .428 ^®^ 1.427 ^^^ 1.427 ^^°^ 1.424 ^^^^ 1.422 ^^^^ 1.426 

4-7-72 - C/20 charge, 1025, 28 + 2°F, 3.75 hours. 

Peak charge voltages (1215, 28 + 2°F) : 

^ ^^^ 1.588 ^^^ 1.595 ^® h .594 ^^^ 1.581 ^^^,582 ^*^ 1.593 

^ ^®h.586 ^®h.592 ^^®h.577 ^^^H.616 ^^^h.616 

End Of charge voltages (1410, 28 + 2®F) : 

^^^1.488 ^^^1.488 /®^1.490 ^^h.487 ^®^.480 ^*^1.477 

^^^.480 1.479 ^^^1.477 ^^®H.474 ^^^^1.468 ^^^^1.473 

ORIGINAL PA(}E IS 
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4-7-72 - C/2 discharge to 1.0 V., 1430, 70®F 
Discharge capacity (ampere houre) : 


<»4.45 

(^'4.60 

<^>4.56 

(‘*4.53 

^^^4.51 ^^^4.50 


(”4.57 

(«4.48 

^^U.60 

(l'»4.54 



C/10 charge, 1740, 

70°F, 23 

hours. 




4-8-72 - Charge complete, 1650, 70°F 
End of charge voltage: 


(”1.443 

^^H.443 

(”1.444 

CM 

• 

^^h.439 ^®h.443 

(”1.447 

^®^1.444 

(”1.441 

<1°>1.446 

^^^h.442 ^^^h.446 


4-9-72 - C/2 discharge to 1.0 V., 1105, 70°F 

Discharge capacity (ampere hours) : 


^^^3.81 

^^^3.93 

^^^3.81 

^^^3.81 

^^^3.81 ^^^3.81 

^^^3.94 

^®^3 .82 

^^^3.94 

^^°^3.82 

^^^^3.82 ^^^^3.82 

C/10 charge, 1400 

. 70°F., 

19.4 hours 



4-10-72 - Charge complete, 0940, 70°F 
End of charge voltage: 


^^h.439 

^^^1.439 

^^^1.439 

(*h.441 

^^^1.438 ^^^1.445 

^^^1.443 

1.436 

^^h.442 

»<» 1.437 

^^^h.433 ^^^h.436 


C/20 charge, 1310, 32 + 2®F, 26.5 hours 
Peak charge voltages (1900, 32 + 2°F) : 


^^^1.519 

(^*1.535 

(^>1.521 

^^h.519 

(^^.512 

(” 1.538 

^^h.518 

(”l.524 

^®h.524 

(10)-.. 

<^^>1.551 

(“>1.572 

4-11-72 - Charge complete, 1545, 32 + 2' 
End of charge voltages : 

^^^1.490 ^^h.487 ^^h.487 

“f 

(^) 1.486 

^^h.487 

(*>1.500 

^^h.489 

^®H.486 

^^h,485 

^^°) 1.483 

(^^) 1.482 

(“>1.484 


4-12-72 - C/2 discharge to 1.0 V., 0900, 60®F 
Discharge capacity (ampere hours) : 


(^)3.70 

^^)3.70 

^^^3.72 

(‘>3.74 

^^^3.74 

(^)3.90 

.75 

<^>3.76 

^^°^3.76 

^^^^3. 78 


C/20 charge, 1600, 28 + 2°F, (66 hours) 


«>3.74 




•• ll • 

4-12-72 - Peak charge voltages (1500, 28 + 2°F) : 



(2)j 542 

^^^1.538 

<*>X.54l 

^^^1.542 ^®^1.554 


^®h.549 

1.539 

<“>1.534 



4-15-72 - Charge complete, 1005, 28 + 2°F 
End of charge voltages: 


II 

^^^1.495 

^^h.490 

1 

• 

SO 

O 

^^H.490 

^^H.493 1.494 


^^^1.508 

1.493 

^®h.492 

^^°^1.493 

^^^h.494 ^^^^1.501 


4-24-72 - One -ohm short on 24 hour, 75°F 


Charge retention voltages : 


^^^1.208 

<*>1.216 

^^h.219 

00 

CM 

• 

^^^.218 ^^^.219 

^^H.223 

<*>1.218 

AO 

'• 

00 

<“>1.217 

^^^^1.217 ^^^^1.220 
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SMS BATTERY ASSEMBLY 
PROCEDURE SC-213772 


PKILCO 

WDL Division 
Fhilco-Ford Corporat’on 
Palo Alto, California 94303 
FMC 11530 


PROCEDURE NO. 

SC-213772A 
Amendment ilfl 


BATTERY ASSEMBLY PROCEDURE 


FOR SMS 


This amendment forms a part of Procedure SC>213772A, dated May II, 1973. 


Paragraph 3.8 Final Battery Assembly. Referenca Engineering Drawing 213827. < 


Make the changes indicated below: 

Paragraph 3.8.7 Add the following: 

"Prior to bonding the support blocks to the assembly, the 
support block surfaces shall be lightly sanded per para> 
graph 3.4.2 of WDL Procedure SV-225112." 
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Palo Alto, California 94303 
FMC 11530 


PROCEDURE NO. 

SC*213772A 

Amendment 


BATTERY ASSEMBLY PROCEDURE 
FOR SMS 


this amendment fonns a part of Procedure SC-213772A, dated May 11, 1973. 

Paragraph 3 . 8 Ptnal Battery Assem b ly. Reference Engineering Drawing 2138.^ . ■ 
Make the changes indicated below: 


Peragraph 3.8.7 Add the following; 

"Prior to bonding the support blocks to the assembly, the 
support block surfaces shall be lightly sanded per para- 
graph 3.4.2 of WDL Procedure SV-225112." 
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PROCEDURE NO. WDL-SC-213772A 
Amendment #L 
PAGE 2 OF 2 


Paragraph 3.8. 13 Change the last sentence to read: 

•Torque the connector screws to a value of 3.5 to 4.7 inch-pounds.” 


Paragraph 3.8.17 Add the following to the third sentence: 
**.... and base of connector screw lock assembly.” 

Paragraph 2.1 under INDUSTRIAL: 


Add: "SV“225112 Application of Black Thermal Control 

* Paint Systems" 
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PK.JLCO SPECIFICAT.ON NO. »L- SC 213772A 

PNILCO-FDRD COWnOPATiaN P« 2 f 11 

,WDL Division • 3939 Pobian Way . 

Palo Alto, Caiifomio » 94303 

1.0 

SCOPE 


[' 

This Specification describes the procedure for the assembly of the 
SMS nickel-cadmium battery power supply, Philco-Ford Part No, 
AO-213827. The battery assembly consists of twenty individual 
cells, which receive a paint coating and an insulation wrap. 
Subsequently, the individual cells are assembled with related end 
plates, support ribs, wiring and connecting hardware. 

2.0 

APPLICABLE DOCUMENTS 


2.1 

The following documents form a part of this process to the extent 
specified herein. Where conflicting requirements exist, this procedure 
shall govern. 


MILITARY 



NASA (Publications) 
NHB 5300.4 (IB) 

Quality Control Provisions for 
Aeronautical and Space System 
Contractors 


NASA 

NHB 5300,4 (3A) 

Requirements for Soldered Electrical 
Connections 


INDUSTRIAL 



Philco-Ford (Standards) Paint, Finishes, Industrial 

WDL 88-3016 


Philco-Ford 
WDL 88-5011 

Crimped Solderless Connections 

- 

Philco-Ford 
WDL 88-5519 

Lacing 


Philco-Ford 
WDL 88-6111 

Torque Requirements for Threaded 
Devices 


Philco-Ford 
WDL 88-7009 

Marking for Identification 


Philco-Ford 
WDL 88-7011 

Safety Wiring 

• 

Philco-Ford (Specification) Design Report for SMS Battery 
WDL SD-212066 


Philco-Ford 
WDL 88-4002 

Manufacturing Standard 
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,WOL 0<vi«ion * 3939 F«bi»n Way 
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SPECIFICATION NO;; WOL- SC 213772A 

Pag* 3 


(Cont'd) 


Philco-Fprd (Drawings) 
211103 

Philco-Ford 

211530 

Philco-Ford 

213827 

Philco-Ford 

213828 

Philco-Ford 

213831 


Battery 

Cell, Battery ' 

Power Supply, Battery 

Power Supply, Battery, Wiring 
Diagram 

Cell, Battery, Modified 


3.0 REQUIREMENTS 

The following materials, equipment and procedures shall be utilized 
to produce the battery assembly. 

3.1 Base Materials. - 

3.1.1 Battery Cells, Philco-Ford 211530. 

3.1.2 End Plates, Magnesium, Philco-Ford 20-213829-01 and -02. 

3.1.3 Support Blocks, Epoxy-Fiber Glass, Philco-Ford 21-213833-01 and 
21-21383A-01. 

3.1.4 Cell Support Rib, Magnesium, Philco-Ford 20-213830-01. 

3.1.5 Thermistors, Philco-Ford 52-P11050-0001. 

3.1.6 Connector, Philco-Ford 41-P10052-G008. 

3.1.7 Screw Assemblies, Philco-Ford 25-P10013-0001. 

3.1.8 Bolts, Philco-Ford 25-213832-01. 

3.1.9 Screw, Philco-Ford 25-P10074-0031. 

3.1.10 Nuts, Philco-Ford 25-213835-01 and 25-P10067-0003. 

3.1.11 Washers, Philco-Ford 25-P10044-0021, 25-P10063-0003, MS35335-58 
and 25-P10044-0011. 
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3.1.12 Wire, Philco-Ford 03-P12104-0020 and 03-P12104-0040. 

3.1.13 Safety Wire, MS 20995-AA47. 

3.1.14 Lug, Wire, Philco-Pord 25-P10070-0003. 

3.1.15 Tubing, Teflon, Philco-Ford 08-P12117-0023. 

3.1.16 Solder SN 60, Philco-Ford 09-P12024-0003. 

3.1.17 Paint, Primer, Wash, Philco-Ford 020077-0001A&B. 

3.1.18 Paint, Black, Philco-Ford 11-020054-0001. 

3.1.19 Adhesive, Silicone, Ehilco-Ford 23-P12351-0003. 

3.1.20 Adhesive, Epoxy, Philco-Ford 23-P12146-0001 and 23-P12137 

3.1.21 Silica, Pyrogenic, Philco-Ford 11-P12013-0001. 

3.1.22 Lacing, Philco-Ford 12-020056-0001. 

3.1.23 Sleeving, shrink, Philco-Ford 08-P12107-0002/A. 

3.1.24 Mylar, sheet, 05-P12097-XXXX. 

3.2 Support Materials. - 

3.2.1 Plastic Bags, heat-sealable. 

3.2.2 Mold Release, fluorocarbon type. 

3.2.3 Tongue Depressors. 

3.2.4 Cotton Tip Applicators. 

3.2.5 Kimwipes. 

3.2.6 Solvents: Alcohol; MEK; Methylene Chloride. 

3.2.7 Mixing Cups, Plastic. 

• 3.2.8 : Syringes, Plastic. 

3.2.9 Masking Tape, Paper. 

3.2.10 Tags; String; Paper. 
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3.2.11 

Gloves: Cotton; Nylon; Vinyl. 

: 1 

3.2.12 

Flux, Solder, Type RA. 

3.2.13 

Silk Screen, Identification Label. 

3.2.14 

Storage Box, Battery. • ' 

3.2.15 : 

f i I 

Thermal Vacuum Grease. 


3.3 

Equipment." 

1 ^ 3.3.1 

Spray Gun Assembly. 

3.3.2 

Plastic Bag Sealer. . 

3.3.3 

Knives, No. 2, Scalpel. 

3.3.4 

Scissors. 

3.3.5 

Solvent Dispenser, Plastic. / 

3.3.6 

Torque Wrench, 7/16 and 3/16 Inch, Hex Head, Socket. 

3.3.7 

Safety Wire Pliers. 

1 1 3.3.8 

Brushes: Paint; Acid. 

; 3.3.9 

Adjustable Vise. 

3.3.10 

Crimping Tool. 

3.3.11 

Wire Stripper. 

3.3.12 

Wire Heat Sinks. 

3.3.13 

Soldering Irons. 

3.3.14 

Diagonal Cutters. 

3.3.15 

Balance, Weight, Ohaus, 1 ^ Accuracy. 

3.3.16 

1 

V ^ ^ i , ^ ^ 

Force Beam, Center of Mass. 
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3 . 4 Too ling and Shop Aids.- 

3.4.1 Battery Assembly Alignment Fixture, Shop Aid No, 0100. 

3.4.2 Battery’ Mounting Hole Drilling Fixture, Shop Aid No. 

0101 . 

3.4.3 Mylar Pattern Tool, Shop Aid No. 0102. 

3.4.4 Mylar Fold Tool, Shop Aid No. 0103. 

3.4.5 Mylar Form Tool, Shop Aid No. 0104. 
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ASSEMBLY SEQUENCE 
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FINAL FMTERY ASSEMBLY: 
20 MO .'LED CELLS, END 
AND SUPPORT PLATES AND 
SUPPORTING HARDWARE 
PARA. 3.8 
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ASSEMBLY SEQUENCE 
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FINAL BATTERY ASSEMBLY: 
20 MODIFIED CELLS, END 
AND SUPPORT PLATES AND 
SUPPORTING HARDWARE 
PARA. 3.8 
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ASSEMBLY PROCESS 


3,5 Cell Preparation, Reference Engineering Drawing 213831»« 

3.5.1 Clean each of the twenty individual battery cells (WDL 211530) 
in the degreasing fluid (methylene chloride). 

3.5.2 Rinse the cleaned cells twice with methyl alcohol or equivalent 
and allow to air-dry. 

iNOTEf Plastic gloves should be worn during the following 
operation. 

3.5.3 Using masking tape, mask the cells in the areas where the finish 
is to be omitted. Consult Engineering Drawing 213831 for exact 
details. 


3.5.4 Identify per WDL Standard 88-7009, Type II. Bag and tag with 
Part Number 211530-01 and Maufactucing Serial No. lOOX. 


3.6 Preparation of Mylar Insulation, Reference Engineering Drawing 

213831.- 

I NOTE:} Plastic gloves should be worn during the following 
operation. 

3.6.1 Cut the Mylar sheet to the pattern configuration resulting from 
Shop Aid No. 0102. 

3.6.2 Fold and crease the Mylar cut-out utilizing Shop Aid No. 0103. 

Consult Engineering Drawing 213831 for the bend- line locations. 

3.6.3 Form and immobilize the insulator utilizing Shop Aid No. 0104. Apply 
the 23-P12351-0003 adhesive to the mylar over-lay. Allow adhesive 

to cure for a minimum of 24 hours at room temperature. Remove 
insulator jacket from tooling, strip excess adhesive, and clean with 
alcohol. 


3.7 Modified Cell Preparation, Reference Engineering Drawing 213831.- 

InotE: 1 Plastic gloves should be worn during the following 
operation. 

3.7.1 Fit and install the Mylar insulation onto the cells per Engineering 
Drawings 213831-01 and 213831-02. 

3.7.2 Identify per WDL Standard 88-7009, Type II. Bag and tag with Part 
Number 213831-XX and Manufacturing Serial No. 


W0L-6V2U (4-69) 


K-10 




SPECIFICATION NO.! WDL- SC 213772A 


« 

PE*l!E[LGO 



PHILCa-f^ORO CORPORATION 
WOL Division # 3939 Fsbisn Way 
Palo Alto. California « 9A303 


Pag* 9 


of 


11 


I 


3.8 Final Battery Assembly. Reference Engineerinp; Drawing 213827.- 


3 . 8.1 

3 . 8.2 

3.8.3 

3.8.4 

3.8.5 

3.8.6 

3.8.7 

3.8.8 


Select ten 213831>01 cells and ten 213831>02 cells which have 
been previously processed. 

Pre*align the cells, support ribs, support blocks, end plates 
and nut and bolt assemblies in the Battery Assembly Alignment 
Fixture, Shop Aid No. 0100. Shim cells with 05-P12097-XXXX 
Mylar as required. 

Tighten alternate bolt assembly and rib hold-down rails to the 
figure configuration shown on the 213827 Engineering Drawing. 

Torque alternately to 10 inch-lbs. and then to the final value 
of 12 to 15 inch-lbs. per WDL Standard 88-6111. 

Attach safety wire four places per WDL Standard 88-7011, Class 
A, Type 111. Trim excess Mylar insulator flush with top of cells 
for each support block. , 

Place battery assembly into Battery Mounting Hole Drilling Fixture 
Shop Aid No. 0101. Drill the twelve bolt holes per Engineering 
Drawing 213827. 

Bond the support blocks to the assembly with a mixture of 
23-P12146-0001 epoxy resin, 23-P12137-0001 hardener, and 
il-12013-0001 silica as follows: 

De-air resin material and vacuum dry silica material at 
150 F for 30 minutes. Mix an adhesive batch of 100 parts 
by weight of resin, 30 parts by weight of hardener, and a 
maximum of 4 parts by weight of silica for thickening. 

De-air batch after mixing thoroughly. Bond the support blocks 
to the assembly per WDL Standard 88-4002, Type II. Allow 
to cure at room temperature for a minimum of 24 hours. 

Thermal vacuum dry the battery assembly at 90°F + 5°F and a 
minimum of 20 in. Hg vacuum for a minimum of 3 hours. Seal all 
dissimilar metal interfaces with 23-P12351-0003 adhesive. 

Allow to cure at room temperature for a minimum of 24 hours. 


3.8.9 Prepare to apply paint to areas indicated by on Engineering 
Drawing 213827. Using masking tape, mask the areas where the 
finish is to be omitted. Note the areas where the finish is 
to be omitted; i.e., top of center support blocks , end plate 
connector mounting surfaces, bottom of battery and thermistor 
mounting surfaces. Note that the battery mounting screw holes 
are to be finished on the inside. (Note: Diagram cell 

position by serial number before application of paint). 

WDL-S720 (4-C<9) K-11— — ORIGINAL PAGJi,' IS 

OF POOR QUALITY 
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3.8.10 

Apply the 11-020054-0001 paint per WDL Standard 88-3016, Type 
11, Grade A. Following the drying of the paint, remove 
the masking tape. 

3.8.11 

Mark and identify battery end plate and individjjml cells as 
indicated by Engineering Drawing 213827 notes IlSl; 16 1 ; |i7| 
and ‘ — ' ' — ' ' — 

3.8.12 

Pre-wire the connector and the battery cell interconnections, 
and install shrink sleeving in accordance with Engineering 
Drawings 211103 and 213828, and per NPC 5300.4 (3A). 

3.8.13 

Install the pre-wired 41-P10052-0008 connector to the 20-213829-01 
end plate. Torque the connector screws to a value of 1.0 to 
2.0 inch pounds per WDL Standard 88-6111, Table 3. 

3.8.14 

Complete the entire cell wiring per Engineering Drawings 213827 
and* 213828. 

3.8.15 

Attach lug to case ground wire. Crimp per WDL Standard 
88-5011. Install lug per Engineering Drawing 213827. 

3.8.16 

Lace the wiring using 12-020056'.0001 lacing per WDL Standard 
88-5519, Type 11, Class B. 

3.8.17 

Prepare a mixture of 23-P12146-0001 epoxy resin 23-P12137-0001 
hardener, and 11-P12013-0001 silica as detailed in Paragraph 
3.8.7. Bond the wiring to the support block interface per 
Engineering Drawing 213827. Conformally coat wiring (at support 
blocks), and case ground lug and bolt assembly. Allow to cure 
for 24 hours minimum at room temperature. 

3.8.18 

Prepare to install the two 52-P11050-0001 thermistors. Bond 
the thermistors utilizing adhesive 23-P12351-0003. Allow to 
cure at room temperature for a minimum of 24 hours. Seal all 
reminaing dissimilar metal surfaces. 

3.8.19 

Prepare to apply paint to remaining areas indicated by ll3| 
on Engineering Drawing 213827. Areas to be finished are the 
epoxy-covered wire areas and the tops of cell therminal solder 
lugs. Mask as required. . 

3.8.20 

Apply the 11-020054-0001 paint per WDL Standard 88-3016, Type II, 
Grade A. Following the drying of the paint, remove any remaining 
masking tape. 
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3.8.21 The final dimensions and battery weight shall be verified 
per Engineering Drawing 213827 values. 

3.8.22 Place the completed battery assembly in the Battery Storage 

Box. 

3.8.23 Store the battery assembly and its storage box at 70 + IS^F 
ambient temperature. 

3.B.24 Remove from storage and test per Acceptance Test Procedure 
SB 213716. 


4.0 

4.1 


QUALITY ASSURANCE 

The assembly shall be performed under the cognizance of 
Quality Control per NHB 5300.4 (IB), 
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3/1.1 (Continued) 


CONDITIONS 


REQUIREMENTS 


RESULTS 


Secondary Charge 


Secondary Discharge 


lii. resistors 


1 A. resistors off 


Thermistor Performance 


5/18/72 Charge Time: 16 hrs. 

1600 Current :c/ 10 (0.300 


Max. battery voltage 


Capacity 

Charge 


5/19/72 

0820 


5/19/72 

1502 

5/20/72 

1500 

5/20/72 

1500 

5/21/72 

0800 

5/21/72 

2400 

5/22/72 

1600 


Current :c/ 10 (0.300 amp) determined by 
Temp: 24°C Fig. 1 SY-212789A 


Current: c/2 (1.50 amp) 


Capacity: > 3.0AH 
Battery volt limit: 
20, +0, -1.5V 
Cell volt limit; 

.7 + .3V 


Load applied 16 +0.5 hrs. 


Short on for I hr. 

Temp; 2 + 2*^C 
Stabilization period: 
15 hrs. 

Temp: 33 + 2°C 
Stabilization period: 
15.5 hrs. 

Temp: 20 + 2°C 
Stabilization period: 
15.5 hrs. 


Max. R : 41,993 
Min. R : 40,397 

Max. R : 11,154 
Min. R ; 10,716 

Max. R : 18,146 
Min. R : 17,434 


5/22/72 Charge time: 19.5 hrs. Max. battery voltage 

1630 Current: c/10 (0.300 amp) determined by Fig. 1 

Temp: 20^C SY-212789A 


End of charge voltage 
Battery: 28.34V 

Cell min.: 1.416V 
Cell max.: 1.422V 

Capacity: 3-44AH 
End of discharge voltage 
Battery: 19.12V 
Cell min.: .840V 
Time: 2.29 hrs. 


R1 ; 41,132 
R2 : 40,539 

Rl : 11,128 
R2 : 10,925 

Rl : 17,725 
R2 : 17,460 


End of charge voltage 
Battery: 28.47V 

Cell min.: 1.44iV 
Cell max.: 1.460V 


9Z0Sai-l(Ll 
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TEST 

DATE 

THE 

COIIDITIONS 

REQUIREIEOTS 

RESULTS 

VIBRATION 

Pre-Vibration Charge 

5/28/72 

1400 

Charge time : 42 hrs . 

Current:c/10(0.300 amp) 

Max. battery voltage 
determined by 
Fig. 1, SY-212789A 

End of charge voltage 
Battery: 27.99V 

Cell min.: 1.397V 

Cell max.: 1.410V 

Discharge Volt Stability 
(Sinusoidal Vibration) 

5/30/72 

1628 

Axis X-X 
Axis Y-Y 
A>:is Z-Z 

j<). 25V /Minute Max. 

Battery Voltage Range 
+.045V/Mlnute 
+.040V /Minute 
+. 050V/Minute 

Visual Damage 

5/30/72 

1730 


No evidence 

No damage 

Discharge Volt Stability 
(Random Vibration) 

5 / 30/72 

1741 

Axis X-X 
Axis Y-Y 
A::is Z-Z 

+0.25vAlinute Max. 

Battery Voltage Range 
+.040V /Minute 
+.030V/Minute 
+.050V/Minute 

Visual Damage 

5/30/72 

1815 


No evidence 

No damage 

POST TIBRATION PERFOEIIAHCE 
Capacity Discharge 

5/30/72 

1822 

Current :C/2(1. 50 amps) 
Temp.; 24°C 

No requirement 


lil resistors on 

5/30/72 

1955 

Load Applied 16 +0*5 hrs 

• 


lA resistors off 

5/31/72 

1200 




Short Oil 

5/31/72 

1200 

Short on for 1 hr. 
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TEST 

DATE 

TIME 

(CONDITIONS 

REQUIREMENTS 

RESULTS 

Charge 

5/31/72 

1305 

Charge time: 20 hrs. 

Current :C/10(0. 300 amp) 
Temp.: 24®C 

Max. voltage determined 
by Fig. 1, SY-212789A 

End of charge voltage 
Battery: 28.75V 

Cell min.: 1.430V 

Cell max.: 1.449V 

Discharge 

6/11/72 

1000 

Current :C/2( 1.5 amps) 
Tenqj.: 20°C 

Capacity: £ 3.0AH 
Battery Volt iLimlt: 
20 + 0, -1.5V 
Cell Volt Limit: 

.7 + .3V 

Capacity: 3.59AH 

End of discharge voltage 
Battery: 20.0V 

Cell min.: .750V 

Time: 2.39 hrs. 

Insulation Resistance 

6/1/72 

1300 


i lOM @ +100V 
ilOM @ +10V 
■»10M @ +1V 

>10%/! 

> 10% A 

> 10% A 

AGCEIfRATlON 

Pre»Acceleration Charge 

6/1/72 

1330 

Charge time: 20 hrs. 

Current:C/10(0.300 amp) 

Max. voltage determined 
by Fig. 1,SY212789A 

End of charge voltage 
Battery: 28.04V 

Cell min.: 1.400V 

Cell max.: 1.412V 

Discharge Volt Stability 

6/2/72 

1057 

Axis X-X 
Axis Y-Y 
Axis Z-Z 

+0.25v/Minute 

Battery Voltage Range 
+.04V/Minute 
+.05V/Minute 
+.04v/Minute 

TEST SETUP HAI^UNCTION 

REIJOBK DATA 

Pre-Rex7orIc Discharge 

6/2/72 

1630 

Current :C/2(1. 5 amp) 
Temp.: 24°C 

Battery Volt Limit: 
20 + 2, -1.5V 

End of discharge voltage 
Battery: 20.7V 

Cell min.: 0.4V 

Cell max.: 1.75 hr. 

1^ resistor on 

6/2/72 

1817 

Load Applied 16 + 0.5 hrs 

• 


1 XL resistor off 

6/3/72 

... 




1030 
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TEST 

DATE 

TIME 

CONDITIONS 

REQUIREMEOTS 

RESULTS 

Post-Rev7orIc Capacity 
charge 

6/5/72 

1620 

Charge time: 19.5 hrs. 
Gurrent:C/10(0.300 amp) 
Temp.: 20Oc 

I-Iax. voltage determined 
by Fig. 1, SY212789A 

End of discharge voltage 
Battery: 27.0V 

Cell min.: 1.415V 

Cell max.: 1.423V 

Discharge 

6/6/72 

1245 

Current ;C/2(1. 50 amp) 
Temp.: 20 C 

Capacity: £:3.0AH 
Battery Volt Limit: 
20 + 0, -1.5V 
Cell Volt Limit; 

7 + .3V 

Capacity: 3.54AH 

End of discharge voltage 
Battery: 18.6V 

Cell min.: 0.40V 

Time: 2.35 hrs. 

SECONDARY VIBRATION AND 
ACCELERATION 





Pre^Vibration Charge 

6/6/72 

1520 

Charge Time: 19*5 Hours Max Voltage Deter- 

Current: C/IQ (0.300 Ami) mined l>y Fig. 1, 
Temp: +24^C SY2117 9 A 

End of Charge Voltage 
Battery: 28.13V 

Cell Min: 1.404V 

Cell Max: 1.4.6V 

Discharge Volt Stability 
(Sinusoidal Vibration) 

6/7/72 

1140 

Axis X-X 
Axis Y-Y 
Axis Z-Z 

HjO.25 V/Minute 

Battery Voltage Range 
+.05V/Min 
+<.06V/Mln 
+.045V/Min 

Visual Damage ^ 

1330 


No Evidence 

No Damage 

Discharge Volt Stability 
(Acceleration) ' 

f>nni 

Axis X-X 
Axis Y-Y 
Axis Z-Z 

^.25V/Minute 

Battery Voltage Range 
+.045V/Min 
+.055V/Min 
+.055V/Min 

Visual Damage 

6/7/72 


No Evidence 

No Damage 


1430 
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3.1.1 (Continued) 



TEST 

DATE 

TIME 

OONDITIDKS 

REQUIREMENTS 

RESULTS 

rOSI ACCEI£RAIION 
Capacity 
Discharge 

6/7/72 

1500 

charge Current ; 
C/2C1.50 amps) 

No requirement 

- 


lA reststor^ on 

6/7/72 

Load Applied 16 + 0.5 hrs 




1700 





1X1 resistors off 

6/8/72 

0900 





Short on 

6/8/72 

0900 

Short applied for 1 hr. 



r _ 

Charge 

6/8/72 

1200 

Charge Tine: 20 hrs. 

Current:C/10(0.30 amp) 

Mto. Voltage Determined 
by Fig. 1, SY212789A 

End of Charge Voltage: 
Battery: 29.36V 

Cell Min.; 1.456V 

Cell Max.: 1.484V 


Discharge 

6/9/72 

0900 

Current :C/2(1. 50 amps) 
Temp,: 20®C 

Capacity: 3.0/n 

Battery Volt Limit: 
20 + 0, -1.5V 

Capacity: 3.72im 

End of discharge voltage 
Battery: 18.5V 

Cell Min. ; ,670V 

.o_ 

Insulation Resistance 

6/9/72 


2:10m 0 +1007 

r Iflll 0 +107 

s 1<M @ +17 

> 103m j«- 

> 103Mil. 

> 10%JV 

i ^THERMAL VACUUM 
J CD Pre-Thermal Vacuum Charge 

)S 

•i 

6/9/72 

1315 

Charge Time: 20 hrs. 

Current :C/10 (0.300 amp) 
Temp.: 20®C 

Max. Voltage Determined 
by Fig. 1, SY212789A 

End of Charge Voltage: 
Battery: 28.14V 

Cell Min.: 1.406V 

Cell Max.: 1.418V 

=< ^ 
> 

-♦ 2- 

Thermistor Performance 

6/ll/7r 

1340 

Temp.: 2o + 2oc 

34.50F TCaf2 36.1*>F 
34.80F TCif4 36.4®F 

36.1^ 

36.0OF 

Ies. 


|||K2i£2l£l 

Temp.; 33 + 2°C 

88.4*^? TC#2 89.9°F 
88.6<>F TC#4 90.1OF 

89.5°F 

89.50F 



6/13/72 

Temp.: 20 + 2®C 

67.25®F TC#2 69.00Op 
67.50F TC??4 69.20F 

68.5OF 

68.7OF 


920 SWb-KUi 
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test date conditions requirements results 

TIME 


Temperature Perfomance Discharge Current :C/2 

(1.50 amp) 

Time: 1 minute 

Charge Current: C/10 
(0.300 amp) 


6/10/72 

1653 

Time: 

Temp.: 

10 minutes 
2 + 2®C 

Min. battery voltage: 
24V 

26.01V 

6/11/72 

1652 

Temp.: 

33 + 2°C 


25.99V 

6/12/72 

Temp. : 

20 + 29c 


25.36V 


POST-THERMAL VACUUM- - - 

Insulation Resistance 6/13/72 


2lOM (3 100V > 103M/t- 

glOM (3 10V > 103M*/^ 

g lOM (3 IV > loHi-*^ 


Pulse Load 
5 Min. Pulse 


10 Second Pulse 


Full Charge Voltage 
Pre -charge 

30®C Overcharge 


IQOC Overcharge 


6/13/72 5 Minute Pulse Min. battery voltage: 21.48V 

Current: 10 amperes 20V 

Temp.: 20°C llln. cell voltage: IV 1.070V 

10 Second Pulse Min. battery voltage: 20il3V 

Cuirrcnt: 25 amperes 20V 

Temp.; m,n. cell voltage: IV 1.012V 

6/13/72 Charge Time: 20 hrs. No requirement 

1200 Current :C/10(0 .300 amp) 

Temp.: 24°G 

6 / 14/72 Temp.: 30®G Ma:c. battery voltage: 27.69V 

1400 ■ Current:C/10(0,300 atrq>) 29.6V 

Time: 3.5 hrs. Ma::. cell voltage: 1.392V 

1.48V 

6/14/72 Temp.: lOOC Max. battery voltage: 29.58V 

1120 Current :C/l5(0. 200 amp) 30.2V 

Max. cell voltage: 1.490V 
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SCOPE 

This Procedure establishes the electrical ahd environmental performance 
requirements for the acceptance testing of the sealed nickel-cadmium 
battery assembly for use on the. synchronous meterological satellite 
(SMS) program. Battery assemblies designated as flight models shall 
be subject to the tests described herein and shall meet all per- 
formance criteria set forth in Philco-Ford Power Subsystem Test Plan, 
Specification SA-212067, 

APPLICABLE DOCUMENTS 

The following documents of the latest applicable issue, constitute 
a patt of this procedure to the extent specified herein. Should a 
conflict exist, this procedure shall govern. 

SPECIFICATIONS 

Philco-Ford 


SD-212061 


SO-212066 

SA-212067 

SC-213772 


STANDARDS 

Military 


MlL-STD-454 
Requirement 9 


SMS Power Control Unit, Design 
Specification 

Battery Assembly, Design Specification 
SMS Power Subsystem Teat Plan 
SMS Battery Assembly Procedure 


Standard General Requirements for 
Electronic Equipment 


DRAWINGS 

Philco-Ford 

211103 


211530 

213827 


SllS Battery Assembly, Interface 
Control Drawing 

Battery Cell Drawing 

SMS Battery, Assembly Drawing 


FLANS 

Philco-Ford 


SMS Quality Assurance Program Plan 


WDL-26 79C Il2»6d\ 
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3.0 REQUIREMENTS 

3.1 Design Description.- The battery assembly, Philco-Ford part number 
40-213827-01, shall consist of twenty hermetically sealed three 
ampere-hour nickel cadmium cells, Philco-Ford part number 82-211530-01. 
The assembly shall have been fabricated in accordance with Philco-Ford 
procedure number SC- 213772 and shall meet the requirements of 
Philco-Ford SMS Battery Assembly Design Specification SD-212066. 

The battery shall supply energy for the SMS mission power profile 
including prelaunch j hold, abort, launch/ascent, solar eclipse and 
peak non-eclipse operations. The role of the battery in the electrical 
power subsystem is defined in the SMS Power Control Unit Design 
Specification SD- 212061. 

3.1.1 Weight. - The weight of the battery assembly shall not eicceed 7.90 
pounds as specified in Philco-Ford Interface Control Drawing 211103. 

The battery assembly shall meet the center of mass and weight adjust 
requirements delineated in Drawing 211103. 

3.1.2 Electrolyte Leakage.- The battery assembly shall show no signs of 
electrolyte leakage when subjected to the conditions specified herein. 

3.1.3 Corr os ion Resistance.- All external surfaces of the battery assembly 
shall show no evidence of corrosion when exposed to the environmental 
conditions specified herein, 

3.1.4 Interchangeability. - All battery assemblies designated as Philco-Ford 
part number 40-213827-01, shall be functionally and dimensionally 
interchangeable in accordance with Philco-Ford Assembly Drawing 213827 
and Interface Control Drawing 211103. 

3.1.5 • Marking.- Each battery assembly shall have a nameplate identification 

and serial number in accordance with Specification SD-212066. 

3.1.6 Workmanship . - Standards bf workmanship shall meet or exceed MIL-STD-454, 
Requirement 9. Materials utilized in the battery assembly shall comply 
with these standards. 

3.1.7 Construction. - The battery assembly shall be constructed in accordance 
with the requirements of Specification SD-212066, and Procedure 

SC- 213772. 
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3.1.8 Insulation Resistance. - The battery insulation resistance shall be 
verified as specified herein. The minimum allowable impedance 
shall be 10 megohms at a potential of -t-lOO, (-t-10, -0) Vdc. 

3.2 Battery Performance ♦- 

3.2.1 Capacity.- The battery shall meet the following capacity test 
requirement, as shown in Table 1. 


TABLE I 


SMS BATTERY ASSEMBLY CAPACITY PERFORMANCE REQUIREMENTS 


Discharge. Discharge Min. 
Current Time Voltage 

(Amps) (Hrs) (Volts) 


20.00 



20.00 


20.00 


20.00 


Min. Req'd. % 
Rated Cap. 
100%=3 (Amp Hrs) 



3.2.2 Chareine.- 


The battery shall be capable of being charged at the maximum clurge 
rate of 0.3 amperes. The maximum permissible battery 
voltage for a given test temperature shall be as follows: 

a) 20°C charge - battery voltage 30.40V 

b) 33°C charge - battery voltage 28.60V 

c) 2°C charge - battery voltage 31.00V 

The battery shall be capable of accepting continuous overcharge 
currents up to 0.3 amperes for the room temperature and high temperature 
tests and 0.15 amperes for the low temperature test. 
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3.2.3 Retention of Charge.- Each cell shall be free of short circuiting 
paths between negative and positive terminals and shall maintain 
an Cpen circuit voltage of no less than 1.16 volts when tested. 

In accordance with 4. 5. 6. 4, The cell shall meet the provisions 
of this paragraph when charged and discharged at the rates and 
periods specified in Paragraph 3.2.1 and 3.2.2. 

3.2.4 Reconditioning. - The battery shall be capable of delivering 
the required capacity specified in Table 1 after being subjected 
to a reconditioning procedure. Reconditioning of the battery may 
be required depending upon the battery use history and shall 
Initiated only upon notification and approval of the responsible 
engineer. 

3.2.5 Discharge Voltage Stability.- The battery discharge voltage shall 

maintain a voltage stability of +0.25 volts over a one minute 
period while being subjected to the vibration levels defined in 
paragraph 3.2.10 and 3.2.11. The stability criteria sliall be applied 
for the first 30 minutes of continuous discharge at a 1.5 + 0.05 ampere 
rate after a 5 minute discharge period. ~ 

3.2.6 Thermistor Performance.- The resistance of the battery thermistor 
shall be within 2% of the specified value in Table II, after being 
stabilized at the test temperature |or a period of 16 hours. The 
battery test temperature range of 0 to 35 C shall be verified with 
a calibrated reference thermocouple. 

3.2.7 Damage Inspection.- The Battery Assembly shall be capable of with- 
standing the environmental testing specified herein without evidence 
of physical damage. Damage of the assembly shall be considered 

to be any changes in the assembly structure or components. 


3.2.8 Temperature Performance. - The battery discharge voltage ishall meet 
or exceed a voltage level of 24. Q volts when discharged at a 1.5 
amgere ratg. The operating temperature range shall | be from 
' -n C to+33 C (+2 C) while being subjected to the thermal vacuum 
conditions of Paragraph 3.2.12. Recharge of the battery shall be 
accorapllshed with a 0.3 ampere charge rate except for low temperature 
tests such as 0 C when the charge current shall be 0.15 amperes. 
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3.2.9 


3.2.10 


3.2.U 


3.2.12 


Pulse Load.- The minimum allowable battery discharge voltage 
for the following pulse load conditions shall be 18.5 volts and 
the cell voltage shall exceed 0.70 volts. The battery shall be 
initially fully charged and at a temperature of 24 *Src tdien subject 
to a pulse load of 25.0 amperes for a period of 10 seconds followed 
by a load of 10.0 amperes for .5 minutes. The time interval 
between the first and second pulse shall be greater than 1.0 minute. 

Sinusoidal Vibration.- The battery shall be subjected to a 
sinusoidal vibration test in accordance with Table III and Figure 1. 
The ZZ axis is interpreted as the thrust axis of the satellite. 

Random Vibration.- The battery shall be subjected to a random 
vibration test in accordance with Table IV and Figure 1. The ZZ 
axis is interpreted as the thrust axis of the satellite. 

Thermal Vacuum.- The purpose of this test is to demonstrate 

the battery performance capability under vacuum and temperature 

stress more severe than predicted orbit conditions. Specific 

test temperatures for the battery are given in Paragraphs 3.2.6 

and 3.2.3. Simulation of space vacuum condition shall be accomplished 

by reducing the chamber pressure to 1 x lo"^ Torr. 


Test Preparation. - 


3.3.1 


3.3.2 


3.3.3 


Test Apparatus. - All meters, scales, thermometers, and other test 
equipment used in conducting tests specified herein shall be accurate 
within 1% of the full scale value. Full scale deflections of meters 
should be not more than twice the maximum value of the quantity 
being measured. Periods of charge and discharge shall be timed with 
a device accurate to within 1.0%. All test apparatus shall be 
calibrated at suitable intervals against standards whose calibration 
is traceable to Che National Bureau of Standards or equivalent. Records 
of such calibrations shall be available for inspection. 

Records . - Records shall be kept and made available for inspection 
of the tests aid of applicable manufacturing data. All test parameters 
shall be monitored on a continuous basis (i.e., temperature, current, 
voltage) . 

Test Conditions.- Unless otherwise stated, laboratory ambient 
conditions of tests shall be: 


a. Temperature 24 +5 u. 

b. Barometric Pressure 30 +2 inches of mercury. 

c. Relative humidity less than 90%. 
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TABLE III 


BATTERY ACCEFTANCE 
SINUSOIDAL VIBRATION 


DESCRIPTION 

FREQUENCY 
RANGE (HZ) 

: 

LEVEL "g" 

(0 to PeaH) 

TEST 

SHEEP 

(Oct/Min) 

Components on Equip* 
ment 

5-10 

,5" DA 

■ 

Panel (XX, YY) 

10-20* 

10.0 



20-25 

4.0 

4.0 


25-40 

8.0 



40*100 

4.0 



100-200 

2.0 



200-2000 

5.0 


Components on Equip* 
ment 

5-11 

.5" DA 


Panel (ZZ) 

11-13* 

7.0 



13-30 

12.5 

4.0 


30-60 

25.0 



60-70 

15.0 



70-110 

8.0 



110-200 

3.0 



200-2000 

5.0 



*Due to vibration esc iter limitations, a minimum of 0.5" DA is 
acceptable provided the item is resonance free over this region 
and a steady state load equal to the specified vibration load is 
eserted on the item at some time during the test program. If it 
does not react as a rigid body, it must be demonstrated by acceptable 
techniques that adequate margins of safety are inherent in its 
design.^ 
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TABLE IV 

V ' 

BATTERY ACCEPTANCE 
RANDOM VIBRATION 



AXIS 

FREQUENCY 
RANGE (HZ) 

PSD LEVEL 
(g /HZ) 

x-x, 

20-30 

Roll-off below 
30 Hz at rate 
of 6 dB/octave 


30-300 

0.08 


300-600 

Roll-Off at 
rate of 6 dB 
per octave 

• 

600-2000* 

0.02 


ACCELERATION 
(g rms) 


DURATION 



2 minutes 
each axis 



*The filter roll*of£ characteristics above 2000 Hz shall be at 
a rate of 40 dB/octave or greater. 
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3.3.4. Tolerances.* Unless specifically stated in the test procedure 

the following test tolerances are allowable: 

o 

a. Temperature +5 C 

b. Voltage +0.5% 

c. Current +5% 

d. Time +1.0% 


3.3.5 


BTE Failsafe Circuit Protection Checkout. - 


3.3. 5.1 Pretest Verification.- Prior to placing batteries in the 

temperature chambers the following tests shall be conducted. 


Original page is 

OF POOR QUALITY 


a. Activate the charge and discharge power 
supply circuits. Connect the 40°C upper 
limit an(j[ 10 C lower limit sensors. Set 
the temperature limit control on the 
chamber to 30^C and the temperature adjust 
control to 50 x. Observe and record on the 
data sheet that the chamber shuts off when 
30°C is reached. 

b. Set the temperature limit control on the 
chamber to 50 C and reset chamber power. 
Observe and record on the data sheet that 
both the chamber and power supplies shut 
off when 40 C is reached. Return to ambient 
and reset the power supplies and chambers. 

c. Set the temperature adjust control to 

5 u. Observe and record on the data sheet 
that the chambers and power supplies shut 
off when 10 C is reached. 

d. Disconnect the 10°C sensor and connect the 
-7 sensor. Reset the chamber and power 
supplies. Set the temperature adjust control 
to >10 C. Observe and record that the power 
supplies and' chambers shut off when *7°C is 
reached. Return to ambient. Disconnect the 
•7 C sensor and reconnect the 10 C sensor. 
Reset failsafe circuits. 

e. Reset cells 1 through 24 and battery. All 
enable switches should be on. Step through 
all positions. Observe and record that each 
'•out” light comes on. 


WDL-2679C (12-69) 
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3.3.5. 2 In Process Verification of Failsafe Circuits.- These tests 

are to be performed at the appropriate place in functional 
tests. * 

a. Power Interrupt Protection - activate the 
BTE main power and battery temperature 
chambers. Momentarily remove the power to 
BTE and temperature chambers. Observe and 
record that the BTE and all temperature 
chambers remain off. 

b. Volt Sensor Operation - Verify that charge 
power supplies are off. Place enable switches 
on for cell positions 21 through 23. Activate 
cells 21 through 23 and manually step to these 
positions. Observe and record that "out" 

.lights for these positons come on. 

c. Verify that temperature limit adjust is set 
to 50 C. Program BTE charging power supplies 
to limit battery voltages to 31.1 40.1 volts. 

Note that charge line voltage losses of ap'proxl- 
mately 0.7 volts must be compensated for when 
setting charging power supply voltage limits. 


*See Data Sheet pages 35, 58, 67, 81, 90, 92, 100, 125, 138 & 155 
(Verify that cell undervoltage detector is set at 0.740.3 volts 
so that battery capacity determination can be made If battery 
undervoltage occurs other than during the specified 10 minute 
data printout Interval. In this instance, capacity is determined 
by the elapsed tester timer.) 
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QUALITY ASSURANCE PROVISIONS 

General.- Qtiality Assurance shall be to accordancejHith TR-A487.. 
SHS Quality Assurance Program Plan. 


4.2 Acceptance Tests.- Acceptance tests are those tests conducted 
for the purpose of providing data to be used in the evaluation of 
the SMS batteries. The qualification tests shall be conducted 

in the sequence shown in the test matrix Table V. Tests shall 
include, but not necessarily be limited to, those shown on the test 
matrix. 

4.3 Inspect ton. - 

4.3.1 Battery Assembly.- The assembly shall be visually inspected for 
damage prior to and upon completion of each test specified in Table V. 
TPR/RMR procedures apply to all "unusual occurrences", 

4.3.2 Notification.- The cognizant QA representative shall be notified 
at least 48 hours prior to the planned starting time of the test, 
so that timely notification of the customer representative can be 
provided. 

4.3.3 Documentation. - Prior to the start of the test, the unit to be 
tested and the necessary documentation shall be submitted to the 

QA representative for review to verify test readiness. The documentation 
shall include at least the following: 
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3*2.6 Thermis tor Performance 


3.2.3 Charge Retention 


3.2.9 Pulse Load 


3.2.12 Thermal Vacuum 


3 •2. 8 Temperature Performance 


3.2.2 Full Charge Voltage 


Visual InsDGCtion for dama 


Discharse Voltaee Stabilitv 


3.2.11 ^Vibration, Random 


3.2.10 Vibration. Sinusoidal 


3.1.2 Electrolyte Leakage 


3.2.1 High Temperature Caoaci tanc 


Low Temperature Capacitance 




3.1.8 


5 


3.1 


3. 


3. 
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A log for each battery assembly shall be included. Each log 
shall be identifiable to the pertinent equipment and shall be 
maintained in chronological order to account for all fabrication, 
assembly, test and inspection operations; as well as idle 
periods (storage) and movements of the item. Entries shall be 
complete, self-explanatory and signed, and should Include or 
refereto details such as the following: 

a. Configuration data: parts list, drawings, 

specifications, changes, serial numbers, 
lot numbers. 

b. Fabrication and assembly history: copies of 

build-up and disassembly instructions, repairs, 
rework, modifications. 

c. Test and inspection records: copies of 

specifications, procedures, results, variables 
data. 

d. Non-conformances summary: non-conformance list, 

MRB actions, failures, failure analyses, corrective 
actions. 

e. Cumulative operating times or charge/discharge 
cycles shall be recorded on Data Sheet page 160. 

A released and verified Battery Assembly Test Procedure. 

The Battery Assembly drawing, shop order, kit list, etc. 

4.3.4 Test Equipment Verification.- The QA representative shall 

verify that all test equipment to be used during the test 
carries evidence of valid calibration which will not expire 
during the expected duration of the test. Special test equipment 
(BTE) shall be accompanied by evidence that validation testing 
has been satisfactorily completed within the specified time 
period. Test equipment is listed in Table VI, and the test 
set-up is shown in Figure 2. 
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TABLE VI 

BATTERY TEST EQUIPMENT LIST 


EQUIPMENT 

MODEL OR PART NO. * 

1. 

Section A control 

SMS BTE - #71-l2-868-4A 

2. 

Section A access 

SMS BTE - #71-12-868-48 

3. 

Power Source A 

H/P 6271B, 6274B 

4. 

Digital Monitor 

H/P 562A 

5. 

Digital Voltmeter 

HP 3440 A 

6. 

Megohm Meter 

GENERAL RADIO 1644A 

7. : 

Temperature Recorder 

YSI 80A with Jen No. YSI 8423-33 

8. 

Digital Data System 

VIDAR 5401 

9. 

Temperature Chamber 

MISSIMER FT8, FT4 or FT 1.5 

10. 

Meg Ohm Bridge 

ESI Pub. 300 

11. 

Time Indicator 

EVM T2B 720 

12. 

Vacuum System 

PHILCO FORD CVC PAS - 41B 


^Note: Equivalent instruments may be substituded for the models 

listed. 
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Test Surveillance .- Before the start of testing, the QA repre- 
sentative will verify the test set-up. During the test, the QA 
representative will monitor the test. He will also perform in- 
spection of the unit under test as required by this Procedure. 

As a minimum, he shall indicate completion of each test sequence 
where surveillance is required and each test data page where 
witnessing is required by QA stamp. 

Test Failure .- 

Adiustment and Repair During Tests .- No adjustments, repairs 
or maintenance of the test article shall be allowed except as 
specified herein, or: as directed by the Material Review Board. 

Test Failure is defined as: 

a. Functional equipment performance exceeding procedure 
limitations. 

b. Intermittant or erratic end item equipment performance. 

c. Overstress of end-item hardware caused by test equipment 
or test set-up when an evaluation of the effects of the 
overstress cannot or has not been determined. 

d. Drift of equipment operating parameters which would, in all 
probability, exceed the procedure limit if equipn^int opera- 
tion were to continue. 

4.4.3 Test Failure Procedure . - 

a. If the item under test falls, the test shall be suspended 
and the Inspector shall verify that the cognizant test 
engineer has noted the failure on the test data sheets. 

The cognizant Quality Assurance and Government representa- 
tives shall be notified immediately. These representatives 
shall jointly determine if: (1) the imit shall be sent 

directly to the hhterlal Review Board (2) additional 

. tests shall be conducted to determine the cause of failure 
then the unit routed to MRB, or (3) if the failure does not 
affect other test results, the tests continued and the 
failure resolved by MRB at the completion of the test, or 
when first received by the MRB. If agreement cannot be 
reached among the representatives , the unit will be routed 
to MRB. 


4.3.5 

4.4 

4.4.1 

4.4.2 
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4.4,3 


Test Failure Procedure .- (Continued) 

b. The quality Inspector shall verify that each failure has 
been laBnedlately recorded on a Request for Material Review/ 
Trouble-Failure Report (RMR/TFR) from 4057A, and a copy 
sent to Reliability TFR Control. 


4.4.4 


Repair and Retest .- Following initial failure analysis, the 

procedure described below shall be followed: 

a. After the cause of failure has been Isolated, a repair 
and retest course of action shall be defined. The re- 
test will nomally repeat the test sequence during which 
the failure occurred. If the repair would affect results 
of previous tests, those tests shall be repeated. If 
test equipment falls during the test, the measurements 
that may have been affected by degraded perfornance of the 
test equipment, shall be repeated, or as authorized by the 
designated Fhllco-Ford QA representative or MRB. 

b. The proposed repair and retest plan shall be submitted to 
MRS. 

c. The Phllco-Ford MRS shall review and approve the repair 
and retest plan prior to Implementation. 

d. The Philco-Ford Quality Assurance representative shall 
witness retest following repair under the conditions 
defined. 


4.4,5 


Test Equipment Failure 


ORIGINAi; PAGE IS 
OE POOR QUALOT 


In the event of a test equipment failure that has caused, 
or most probably has caused, the unit under test to be 
over-stressed, the test equipment failure shall be considered 
an end-item failure, and handled In the same manner. 

If the test equipment fails in a manner that Is not hazardous 
td the Item under test, the test failure will be documented 
on a Discrepancy Notice (DN) or RMR (via PMR action). 
Following Inspection and verification that the test equip- 
ment set-up Is working satisfactorily again, the DN or RMR 
may be closed. 
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4.5 


4.5.1 


4.5.2 


4.5. 2.1 




Test Methods. - 

Eteamlnation of Product.- Each complete battery assembly submitted 
for acceptance testing shall be Inspected to determine compliance 
with this Procedure and drawing 213827 with respect to work- 
manship,; construction, interchangeability, sealing, cell container, 
weight, dimensions, identification marking, packaging and 
packing, terminals, and center of mass. 


Functional Performance.- Prior to beginning functional tests 
verify that BTE failsafe circuit checkout has been accomplished, 
paragraph (3. 3. 5.1) 


Insulation Resistance.- The insulation resistance shall be 
measured between the following: 

From To 


Battery case ground 
Battery case ground 
Battery connector leads 


Battery connector leads 
Cell case 
Thermistor leads 


The resistance between these points shall be at least 10 
megohms at a potential of +100 (+10, -0) Volts dc. Measurement 
. - accuracy shall be +0.1 megohm. See data sheets in Appendix 

A for detail test steps. 

4. 5. 2. 2 Reconditioning Procedure . - If required, discharge the battery 
to 20 + 0, -1.5 volts or a cell voltage of 0.7 + 0.30 volts 
at the C/2 rate (1.5 + 0.05 amp), then short each cell with 
1 ohm until all cell voltages are less than 0.2 volts, but for 
4 hours minimim in any case and record data on Data Sheet, page 
161. Recharge the battery for 40 ^.5 hours at the C/20 rate 
(0.15+0.015 amps). After charging, discharge the battery to 
20.0 + OV, -1.5V or a cell voltage of 0.7 volts ^.30V at the 
C/2 rate, then place an one ohm resistor across each pair of 
cell terminals until all cell voltages are less than 0.2 volts, 
but for 4 hours minimum in any case. Gharge the battery at 
0.3 +0.015 amperes for 16 +0.5 hours. Discharge the battery 
to 20.0, +0.V, -1.5V or a cell voltage of 0.7V +0.3V at 1.5 
+0.05 amps. Short each cell with an one ohm resistor for 
24^.5 hours. 

NOTE 1: Measurement accuracy shall be as specified 

in paragraph 3.3.4. 

NOTE 2: Before proceeding with this test perform 

failsafe circuit checks a, b, c of paragraph 3. 3. 5. 2. 
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Capacity." Unless otherwise specified, the capacity test shall be 
performed at 20® +2®C temperature. Ampere hour capacity shall be 
measured to the cutoff voltage given for the rate specified and shall 
not be less than the capability specified in 3.2.1. Discharge each 
battery to 20.0 +0. -1.5 volts or to cell voltage of 0.7 +0.3 volts, 

and place a 1.0 ohm resistive load on each cell for 4 hours' minimum 
or until all cell voltages are less than 0.2 volts. (DischArge cycle 
#2 of Paragraph 4. 5. 2. 2 may be substituted for the discharge cycle.) 
The battery shall be charged at C/10 (0.30 +0.015) ampere for 20 +.5 
houts then placed on a 1,0 ^.1 hour open circuit stand. The dis~ 
chai^ge capacity shall be at least 3,0 ampere hours at C/2 (1.5 +.05 
ampdres) rate to the specified cutoff voltage. At no time shalT the 
dlsciharge voltage fall below 18.5 volts, or cell voltage below 
0.4 volts. If any cell voltage reaches 1.52 volts during charge, 
stop charging, (if cell voltage does not peak and drop below 1,52 V 
within one hour,) and proceed with discharge and submit data to MRb* 

NOTES: 1. The battery charge voltage shall never exceed 30.40 

volts. 

2. Each cell voltage, and external battery case tempera- 
ture shall be monitored continuously and recorded as 
follows : 


4.5. 2.4 




a. Immediately prior and after start of each charge 
or discharge step. 

b. At one hour maximum intervals during all charges. 

c. At 15 minute maximum Intervals during all discharges. 

3. Measurement accuracy shall be as specified in Para- 
graph 3.3.4. 

4. Before proceeding with this test perform failsafe 
circuit checks a, b, c of paragraph 3. 3. 5. 2 

Low Temperature Capacity . - The battery temperature shall be maintainec 
at 2‘^C for a minimum of 5 hours Vribr to and during charge and 
discharge. Each cell shall be fully discharged with a 1 ohm load 
for 4 hours minimum or until all cell voltages are less than 0.2 
volts, then stabilized at the test temperature. The battery charge 
voltage shall nbt exceed 31.0 volts during the 48 ^.5 hours charge 
at 0.15 ^.015 ampere rate. The deliverable capacity shall be at 
least 2,25 ampere hours at the C/2 rate (1,5 05 amperes) when the 

battery is discharged to a cutoff voltage of 20.0 +0, -1,5 volts or 
a cell voltage of 0.7 +0.3 volts. Measurement accuracy shall be as 
specified in Paragraph 3.3.4. If any cell voltage reaches 1.55 volts 
during charge, if cell voltage does not peak and drop below 1.55 volts 
within one hour, stop charging and proceed with discharge and submit 
data to MRB. 

NOTE: Before proceeding with this test, perform failsafe circuit 

check® a. h. c. ef paragraph ‘’,3.5.2. 
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4*5»2*5 High Temperature Capacity . » With the battery temperature maintained at 
33 +2^C during charging and discharging, the discharge capacity shall 
not be less than 1.5 ampere hours when charged at C/IQ (0.3 +.015 am- 
pere) for ;20:+.5 hours placed on open circuit for one hour and discharged 
at cbe two hour rate (1.5 +0.05 amperes) to a battery cutoff voltage of 
20,0 +0, -1.5 volts or a cell voltage of 0,7 +0,3 volts. Before charg- 
ing, the battery shall be fully discharged wi^h a 1.0 ohm resistor placed 
across the cell terminals for 16.0 ^.5 hours, and stabilized at the 
. test temperature for 5 hours minimum. The maxlnium charging voltage shafl 
not exceed 28.6 volts during the 20 +0,5 hour charge at 0.3 40.015 
ampere rateT* If siiy celT voltage reaches 1,43 volts during charge, stop' 
charging, if cell voltage does hot peak and drop below 1.43 volts ^rithin 
one hour, and proceed with discharge and submit data to MRB. 

NOTE: 1. The measurement accuracy shall be as specified In Para. 3.3.4. 

2. Before proceeding with this test, perform failsafe circuit 
checks a, b, c of Para. 3. 3. 5. 2. 

4.5, 2. 6 Thermistor Performance. - The battery temperature_ shall be stabilized 
at each test temperature 2® C, 20° C and 33° C +2° C for a minimum 
' period of 5*0 hours as determined by a calibrated thermocouple. The 

resistance of the thermistor shall be within 2% of the required value 
shown in Table II after a minimum 5-hour stabilization period. 

NOTE: 1. Before proceeding with this test perform failsafe 

circuit checks a, b, c of Para. 3. 3. 5. 2. 


4. 5. 2.7 Electrolyte Leakage .- This test shall occur immediately after completion 

of charge, during vdilch the cell must have received a minimum of 4 hours 
of overcharge to assure a positive cell pressure with respect to atmos- 
pheric pressure. The initial leakage check shall be performed to verify 
the integrity of the cell seals prior to electrical performance testing. 
(Normally this test is performed following a charge per paragraph 4. 5. 2. 3 
Prior to start of charge, the cell shall be thoroughly cleaned with dis- 
tilled water and alcohol. All mechanically sealed areas on the cell. 
Including cell welds and fill tube .pinch off welds, shall be washed with 
a solution of 0.5>l phenolphthalein in 50% alcohol and 50% distilled 
water. If no red indication occurs due to application of the phenolph- 
thalein solution, the cells shall again be cleaned with distilled water 
and alcohol. Inmdlately after completion of a charging period, which 
Includes an overcharge, the cells shall again be swabbed with phenolph- 
thalein solution and observed for a red Indication. All areas where the 
phenolphthalein was applied shall be rinsed with distilled water. Fol- 
lowing the final electrolyte leakage test the battery shall be placed in 
a vacuum chamber for a minimum of I hour at a pressure of 1 Torr or less. 
If a positive indication of lealcage is present during the second lealcage 
test, the cell shall be rejected, 

NOTE: 1. Before proceeding with this test perform failsafe 

circuit checks a, b, c of paragraph 3. 3. 5. 2 
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4.5.3 


Vibration. - 


4. 5.3.1 


4.5.3. 1.1 


4.5. 3. 1.2 


4. 5.3. 2 




Vibration Test Inspection.* 

a. Install the vibration assembly shop aid tool No. 106 or 
equivalent on the shaker head. Assembly orientation shall 

be such that the battery axes are in agreement with Figure 1. 

b. Install the battery assembly 40-213827>01 on the vibration 
assembly and torque 6>32 bolts with flat washer to a torque 
of 5.5 in. -lb. 

c. Install the monitor accelerometers adjacent to the x, y, 
and z axes and monitor the appropriate accelerometer for 
each axis test. 

d. Install the battery electrical connector and prepare to 
monitor battery discharge voltage. 

e. Inititate the battery discharge at the C/2 (1.5 +0.5 
amperes) rate. The battery shall be discharged at least 
5 minutes prior to vibration testing. 

?>andom Vibration.- Apply the vibration level specified in Table 
IV> along the x, y, and z axes and record the output of the 
appropriate accelerometer. The battery sliall be discharged 
at the C/2 rate (1.5+0.05 amperes) during this test. The battery 
discharge voltage stability shall be monitored and recorded as 
shown in Paragraph 4. 5. 3. 2. 

Sinusoidal Vibration.- Apply the vibration level specified in 
Table III> along the x,, y, and z axes and record the output of the 
appropriate accelerometer. The battery shall be discharged 
at the C/2 rate (1.5 +0.05 amperes) during this test. The battery 

discharge voltage stability shall be monitored and recorded as 
shown in Paragraph 4. 5. 3. 2. 

Discharge Voltage Stabirity.- The battery shall be fully charged 
before the initiation of the vibration test as specified in 
Paragraphs 3.2.10 and 3.2.11. During the test the battery (discharge 
voltage shall maintain a stability of +0.25 volts over a one minute 
period when discharged at a C/2 rate (1.5 +0.05 amperes). The 
performance criteria shall apply to the first 20 minutes of discharge 
after a period of 5 minutes has elapsed. The measurement accuracy 
shall conform to the requirement specification Paragraph 3.3.4. 

See data sheets in Appendix A for detail test steps. 

NOTE: If battery is not fully charged before initiation of 

vibration test, recondition discharge and recharge as 
specified in Para. 4. 5. 2. 3 except maintain temperature 
at 24 +5® C. 
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4.5.4 
4.3. 4.1 


4.5.4. 2 


4.5.4.3 


Visual Damage Inspection.- During and after the environmental 
testing of the battery, the battery shall be inspected for 
evidence of visible damage. Damage to the battery shall be any 
change in the assembly structure or components. The battery shall 
show no evidence of physical damage when subject to sinusoidal and 
random vibration testing as specified in Paragraph 4. 5. 3.1. 


Post Vibration Performance. - 

Capacity at 20°C.- The battery shall be subject to the electrical 
performance test delineated in Paragraph 4.5. 2.3. The measurement 
accuracy shall be as specified in Paragraph 3.3.4. The battery shall 
deliver a minimum of 3.0 ampere hour capacity. 

NOTE: 1. Before proceeding with this test perform 

failsafe circuit checks a, b, c, of 
paragraph 3. 3. 5. 2. 

Full Charge Voltage.- The battery shall be. charged per paragraph 
4.5.2. 3 except at 24±5‘’C at the beginning of this test. With the bat- 
tery mounted on a thermally controllable plate so that the temperature 
of the battery is stabilized at the test temperature 30i2®C and 10±2“C 
for a minimum period of 5,0 hours prior to the initiation of charge. 
The battery shall have been instrumented with thermocouples to deter- 
mine thermal gradients within the battery. The battery shall then be 
subject to 4.0 ±0.5 hours of overcharge at the C/10 (0.3±0.015 ampere) 
rate at the 30°C test temperature and overcharged C/15 (0.2±0.015 am- 
pere) rate for 4.0±0.5 hours at 10®C. The maximum allowable over- 
charge battery voltage shall be 29.6 volts or 1.48 volts per cell 
for the 30®C test. The respective voltage levels for the 10®C test 
shall be 30.8 volts and 1.54 volts. Measurement accuracy for these 
tests shall be in accordance with Paragraph 3.3.4. 

Insulation Resistance. - Following the 20®C capacity measurement 
the battery shall be subject to an insulation resistance measurement 
in accordance with Paragraph 4. 5.2.1. The measurement accuracy 
shall be +0.1 megohms. 
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4.5.5 


4.5. 5.1 


4.5. 5. 2 


4.5.5. 3 


4.5.6 
4. 5. 6.1 


4.5. 6. 2 


Thermal Vacuum .- Mount battery assembly in WDL's CVC PAS -4 IB 
thermal vacuum system. 

Temperature Perf opnance . - With the battery fully charged in a mini- 
mum vacuum of 1 x 10"^ Torr it shall be stabilized at each test temp* 
erature, 2®C, 20*0 and 33*C ±2*C for a minimum period of 1.5 hours 
prior to discharge/charge cycling. The cycle begins with the 
battery being discharged at C/2 (1.5 +0.05 amp) rate for 1.0 
+0.1 minutes and then charge at the C/10 (0.3 +0.015 amp) rate for 
10.0 +1.0 minutes, except at 2 C where the charge rate shall be 
C/20 (0.15 +0.01 amp). The minimum allowable discharge battery : 
voltage shall be >24,0 volts at each of the three test temperatures. 
The measurement accuracy for these tests shall be in compliance 
with Paragraph 3.3.4. The battery shall be stabilized at each 
temperature for both the temperature performance test and the 
thermistor performance test according to Figure 3. 

Thermistor Performance.- With the battery in a vacuum of 1 x lO"^ 
Torr, the battery temperature as determined by a calibrated 
thermocouple shall be' stabilized at each test temperature, 2^C, 

20*C, 33*C ±2*C for a minimum period of 5.0 hours. The resistance 
of the thermistor shall be within 2 percent of the required value 
shown in Table II, after 5 hours stabilization period. Measure- 
ment accuracy shall be ±25 ohms. 

■Thermal Vacuum Visual Inspection.- The battery shall be Inspected 
for evidence of physical damage after completing thermal vacuum 
testing. The battery shall show no visible damage as delineated 
in Paragraph 4.5.3. 3. 

Post Thermal Vacuum Performance. - 

CapaC i ty a t 20*^C . - The battery shall be subject to the electrical 
performance test delineated in Paragraph 4. 5. 2. 3, The measurement 
accuracy shall be as specified iii Paragraph 3.3.4. The battery 
shall deliver a minimum of 3.0 ampere hour capacity. 

NOTE: 1. Before proceeding with this test perform 

failsafe circuit checks a, b, c of 
r Paragraph 3. 3. 5.2. 


WOU-2679C 02-69) 


Pulse Load .- The battery shall be charged per Paragraph 4.5. 2.3 
except at 24±5°C, prior to the initiation of thiS: test.. With the 
battery stabilized at 24+5 *C for 6.0 +0*5 hours and then discharged 
C/2 (1.5A ±0.05A) for 0.2 ±0.02 hours, the battery shall be sub- 
jected to two pulse load conditions as follows: 

a. Discharge at 25 +0.5 amperes for a period 
of 10.0 +2.0 seconds. 

b. Discharge at 10.0 +0.05 amperes for a period 
of 5.0 +0.5 minutes. 
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4.5. 6. 2 


4. 5. 6. 3 


4. 5. 6. 4 


4. 5. 6. 5 


Pulse Load.- (continued) 

NOTE: 1. Before proceeding with this test perform 

failsafe circuit checks a, b, c of • 

Paragraph 3.3.5. 2. 

The period of time between these pulse discharge loads shall be at 
least 1.0 minute. The minimuni allowable battery and cell discharge 
voltage shall be 18.5 and 0.70 volts respectively. The measurement 
accuracy shall meet the tolerances described in Paragraph 3.3.4. 

" ! 

Thermistor Performance.- The battery temgerature shall be stabilized 
at each test temperature 2 0, 20 0 and 33 C ^2 C for a minimum period., 
of 5.0 hours as determined by a calibrated thermocouple* The 
resistance of the thermistor shall be within 2 percent of the required 
value shovra in Table II, after the 5 hours stabilization period. 
Measurement accuracy shall be +25 ohms. 

Charge Retention .- This test shall be initiated with the battery 
cells discharged per Paragraph 4.5. 2, 3. Each cell shall be drained 
with a 1 ohm load for 16 ±0.5 hours at a temperature of 20 ±2®C. The 
cell shall then be plated on open circuit for a period of 24 ±0.5 
hours at 20 ±2*0. The cell voltage at the end of this open circuit 
stand period shall be 1.16 volts minimum. The measurement accuracy 
of the test parameters shall be in accordance with Paragraph 3.3.4. 

The charge retention and electrolyte leakage detail test steps are 
in data sheet, Appendix A. Remove all Instrumentation equipment for 
monitoring battery and cell voltages during the 24 hour open circuit 
stand period. 

Insulation Resistance .- The insulation resistance of the battery 
shall be measured in accordance with Paragraph 4.5.2. 1. This 
measurement shall follow the thermal vacuum tests described in 
Paragraph 4. 5. 6. 6. The measurement accuracy shall meet the tolerance 
requirement of ±0.1 megohm. 


4.5.6.6 Electrolyte Leakage .- The battery shall be subject to an electro- 
lyte leakage measurement in accordance with Paragraph 4. 5. 2. 7. 

The battery cell seals shall show no evidence of electrolyte 
leakage. ' ■ . 

NOTE: 1, Before proceeding with this test perform 

failsafe circuit checks a, b, c of 
Paragraph 3.3. 5.2. 
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5.0 


5.1 


5.2 


PREPARATION FOR DELIVERY 

Preservation. Packaging and Packing .- After con^letlon of tests 
each battery shall be preserved within one week by perforsdng the 
following: 

a. Discharge each cell below 0.1 volt by placing a one ohm 
resistor across each cell fox 16 hours minimum. 

b. Remove the one ohm resistor and place a short across 
each cell. 

i 

c. Place each battery In a polyethylene bag and add an Inert 
drying agent to exclude moisture. Heat seal each bag. 

NOTE: Battery 'Assenbly serial number shall be clearly visible 

from the outside of the bag. 

d. Pacl:age each unit in a manner to avoid damage during shipment. 

NOTE: For long term storage (periods in excess of two weeks) 

batteries shall be stored in a clean dry area at a 
temperature between 10 to 28*^0. 

Marking for Shipment and Storage.- All marking on shipping con- 
tainers shall be clearly legible from a distance of 36 Inches and 
may be applied by stencil, number stamp or lacquer over coated 
gummed labels. 

The equipment furnished hereunder Is for space flight use. All 
marking shall be blue In color and in addition, all shipping 
containers and shipping documents shall be marked as follows: 

"ITEM FOR SPACE FLIGHT USE" 


Electrical Cycling Instructions .- Each Battery Assembly shall be 
provided with one copy of the activation test procedure SC-227084 
for Ford Aerospace use only. 
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6.0 NOTES 

6.1 Definitions. - 

6.1.1 Battery Capacity.- Battery capacity is the discharge measured’ 

quantitatively in ampere hours at the specified discharge rate to the 
specified cell cutoff voltage. 

6.1.2 Cutoff Voltage.- The cutoff voltage of a cell is defined as that 
discharge voltage which represents the complete discharge condition 
of the cell for a particular rate. Discharge beyond this voltage 
would yield an insignificant amount of useful energy. 

6.1.3 Recondi t ioning . - Depending on the use history of a battery, the 

responsible engineer may utilize the reconditioning procedure delineated 
in Paragraph 4. 3. 2. 2 prior to any test. 
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PRETEST VERIFICATION 


Paragraph 3. 3. 5.1 


APPENOrg A 


Initial Inspector 


PARA. TEST 


RESULTS 


A 30 C Shutoff Chamber Off 


B 40°C Shutoff Chamber/P.S. Off 


C 10 C Shutoff Chamber & P.S. Off 


Q -7 C Shutoff Chamber & P.S. Off 


E Volt Sensor "Out" Lights On 
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TEST PROCEDURE DATA 

SUMMARY 


Requirement 


Examination of Product/ 
4.5.1 



Uorkmanship/3 .1.6 

MlL-STD-454 



Reqt. 9 


Construction/3.1.7 

SD- 212066 


Interchangeability 

Dwg 213827 


3.1.4 



Weight/3.1.1 

<7.9 lbs 

lbs 

Dimension/3. 1 

Dwgs 213827 & 



211103 


Functional Performance/ 
4.5.2 



Insulation Resistance/ 

> 10 Mohms iO.lMohm 


4.5. 2.1 

at +100V (+10, -0) 

MO 

Reconditioning/4. 5. 2. 2 

>3.0 AH 

AH 

Capacity/4.5.2.3 

>3.0 AH 

AH 

Low Temp Capacity/ 

>2.25 AH 

AH 

4.5. 2.4 

High ,Temp Capacity/ 

>1.50 AH 

AH 

4.5. 2.5 

Thermistor Performance/ 

+2% @ +33°C R. 

0 R„ n 

4. 5. 2. 6 - +2% of cali- 

+2Q°C R, 
+2°C k \ 

Colorless 

or: n 

— n 

bration curve value. 

Electrolyte Leakage/ 

4.5. 2.7 



Vibration/4.5.3 



Discharge Voltage 

+0.25V/min 

V/min 

Stability/4.5.3.2 
Visual Inspection/ 

. Mo evidence 


4.5.3. 3 



Post Vibration/4.5.4 



Capacity/4. 5.4.1 

> 3.0 AH 

AH 

Full Charge Voltage/ 

30°C, 29.6V/ 

■ : 

4.5. 4.2 

Battery 

V/Batt. 


< 1.48V/Cell 
10°C,< 30.8V/ 

V/Cell 




Battery 

. V/Batt. 


11.54V /Cell 

V/Cell 
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SMS Battery Assembly Part No. 40*213827-0I Battery Assembly Serial No. lOOX. 

DATA REVIEWERS 

Engineering ___________________ 

Quality Assurance _____________ 

GSl 
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INSULATION BESISTANCE 



4.5.2. 1 


CELL 

POSITION 

; ' 1 

CELL CELL 

S/N POSITION 

CELL 

sZji_ 

19 , i 

■ 1 

20 

- ■ 

17 

: 18J 

' ■ 1 

15 

_ 18 


13 

14 

— 

11 

12 


9 

10 


7 

8 

' ' - 

.5 , 

: 6 

' " ' - - -- 

■ 3 

_____ 4 


. 

2 

■ : 

1 ^ 
i 
1 

i 
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RECONDITIONING 


4.5.2.2 


CEIl. 

POSITION 


CELL 

S/N 


CELL 

POSITION 


CELL 

S/N 


Verification of failsafe circuit tests per Paragraph 3. 3. 5. 2. 
Test Conductor 


Inspector 
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NOAA AND NWSC/CRANE DATA 




TEMPERATURE (°C) VOLTAGE 
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CAPACITY (Ah) 


Pack 227B, Pre-Shadow, Cycle 18, C/2 Discharge Characteristics 
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Pack 227B, Shadow Period 3, Cycle 557, C/2 Discharge Characteristics 
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CELL VOLTAGE 



0.0 1.0 2.0 3.0 4.0 

CAPACITY (Ah) 


Pack 227C, Pre-Cycle Discharge Characteristics I 

:■ i 

I 


i 

I 








Pack 227C, Shadow Period 1, Minimum/Maximum 
Average Cell Voltage Characteristics 
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ATTACHMENT PAGE 1 


BATTERY CELL LOAD SHARING TEST - 


Test Articles - Lot 10 & 12 Cells S/N 745, 750, 755, 759, 762 

772, 776, 790, 808, 816, 817, 902, 923, 925, 

927, 941, 944, 977, 979, 981 


Test Sequence Start Date Test No 


Reconditioning Per Para 4, 5.2 .7 (SC-213 728B) 

C/20 Charge for 40 hovirs @ 22 °C (11/3/76) 1 

C/2 Discharge, one ohm 4 hours (11/5/76) 2 

C/10 Charge for 16 hours @ 22 °C (11/8/76) 3 

C/2 Discharge, one ohm 16 hours (11/9/76) 4 

Capacity Per Para 4. 5. 2. 4 (SC-213728B) 

C/10 Charge for 20 hours @ 20®C (11/10/76) 5 

C/2 Discharge, one ohm 16 hours (11/11/76) 0 

Special Engineering Tests 

C/10 Charge for 20 hours @ 20°C (11/15/76) 7 

Load sharing for 92% efficiency @ lO^C (11/23/76 8 

106mA Charge for 410ms (168hrs) 

200mA Discharge for 200 ms 

C/2 Discharge @ 10°C - (11/30/76) 9 

C/20 Charge for 40 hours ® 10°C (11/30/76) 10 

C/2 Discharge, one ohm 6 days I (12/2/76) 11 

(^en circuit storage 34 days (12/8/76) 12 

C/20 Charge for 40 hours' @ 24<>C (Ol/il/77) 13 

C/2 Discharge, one ohm 4 hours (01/13/77) 14 

C/10 Charge for 16 hours @ 24®C (01/13/77) 15 

C/2 Discharge @ 24<>C (01/14/77) 16 

C/10 Charge for 20 hours @ 20°C (01/14/77) 17 

C/2 Discharge @ 20°C (01/15/77) 18 

C/10 Charge for 20 hours @ 20°C (01/15/77) 19 

^en circuit storage one day / (01/16/77) 20 

C/2 Discha’’ge @ 10°C (01/17/77) 21 

C/20 Charge for 40 hours @10°C (01/17/77) 22 

C/2 Discharge @ 10°G (01/19/77) 23 

C/10 Charge for 20 hours @ 25°C (01A9/77) 24 

C/2 Discharge @ 25°C . (01/20/77) 25 

Open circuit storage 1 day (01/21/77) 26 

Load shari n g for 92% efficiency g' ^S^C (01/22/77) 27 


540mA discharge for 102ms. . 

C/2 Discharge @ 250c (01/26/77) 28 
C/20 Charge for 20 hours @ 25°C (01/26/77) 29 
C/2 Discharge @ 250c (01/27/77) 30 
C/10 Charge for 20 hours @ 25®C (01/27/77) 31 
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ORBITAL LOAD SHARING TEST* 


Cells S/N 745, “^50, 755, 759, 776, 808, 817 
902, 923, 941, 944, 979 


Load Sharing for 86% efficiency @ 26^C (01/28/77) 

120mA Charge for 500ms 

516mA Discharge for 100ms (14 weeks) 


♦The following eleven cells were discharged with matrix load sharing 
test on indicated dates!. 


Cell S/N Dates 

755 (02/02/77 to 02/04/77) 

902 (02/09/77 to 02/11/77) 

750 (02/16/77 to 02/18/77) 

923 (02/23/77 to 02/25/77) 

755 (03/02/77 to 03/04/77) 

941 (03/09/77 to 03/11/77) 

759 (03/16/77 to 03/18/77) 

944 (03/23/77 to 03/27/77) 

776 (04/01/77 to 04/0Q/77) 

• 979 (04/11/77 ito 04/13/77) 

808 (04/19/77 to 04/21/77) 

817 (04/26/77 to 04/28/77) 

All cells discharged on 05/05/77, recharged and calibration discharged 
on 05/06/77 at 27®C, followed by reconditigning and 20°C capacity 
discharge on 05/10/77. 

MATRIX LOAD SHARING TEST 


Cells S/N 403, 511, 596, 762, 772, 790, 
816, 925 , 927, 977, 981 


Load sharing for 82% efficiency @ 25*^C < 'Ql/28/77'> 

118mA Charge for 500ms 

485mA Discharge for 100ms (120hrs) 


C/2 Discharge @ 25®C 

C/10 Charge for 20 hours @ 25®C 

C/2 Discharge @2 5°C ^ 

C/10 Charge for 20 hours @ 25 C 
Load sharing tor 90% efficiency @ 250C 

140mA Charge for 500ms 

630mA Discharge for 100ms (llShrs) 

C/2 Discharge @ 25®C 

C/10 Charge for 20 hours @ 25°C 

C/2 Discharge @ 25°C 

C/10 Charge for 20 hours @ 2 5®C 

Load sharing for 80 % efficiency @ 25°C 

140mA Charge for 500ms 

560mA Discharge for lOOms (96hrs) 

C/2 Discharge @ 25°C 

C/10 Charge for 20 hours @ 25®C 

C/2 Discharge @ 25°C 

C/10 Charge for 20 hours @ 25°G 


(02/02/77) 

(02/02/77) 

(02/03/77) 

(02/04/77) 

(02/04/77) 


(02/09/77) 

(02/09/77) 

(02/10/77) 

(02/11/77) 

(02/11/77) 


(02/16/77) 

(02/16/77) 

(02/17/77) 

(02/17/77) 


Test No. 


32 


33 

34 

35 

36 

37 


38; 

39' 

40 

41 

42 


43 

44 

45 

46 
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MATRIX LOAD SHARING TEST 

— — — i— — "I I ■ " — — II ll^ll■l II ^ 

Load Sharing for 90% efficiency (§ 260c (02/18/77) 

210mA Charge for 500ms 

945mA Discharge for 100ms (llShrs) 

C/2 Discharge @ 2Q^C (02/23/77) 

C/10 Charge for 20 hours @ 26®C (02/23/77) 

C/2 Discharge @ 260c (02/24/77^ 

C/10 Charge for 20 hours @ 26®C (02/24/77) 

Load sharing for 80% efficiency ® 26°C (02/25/77) 


210mA Charge for 500ms 

840mA Discharge for 100ms (llShrs) 

C/2 Discharge @ 26°c 

C/10 Charge for 20 hours @ 260c 

C/2 Discharge @ 2 0^C 

C/10 Charge for 20 hours @ 26®C 

Load sharing for 99% efficiency @ 26*^C 


(03/02/77) 

(03/02/77) 

(03/03/77) 

(03/03/77) 

(03/04/77) 


210mA Charge for 500ms 

1,030mA Discharge for 100ms (llShrs) 

C/2 Discharge @ 26°C - (03/09/77) 

C/10 Charge for 20 hours @ 26°C (03/09/77) 

C/2 Discharge @'26°c (03/10/77) 

C/10 Charge for 20 hours @ 26°c ' (03/10/77) 

Load sharing for 108% ef fi ciency @ 26”c (03/11/77) 

71mA Charge for 500ms 

383mA Discharge for 100ms (llShrs) 

C/2 Discharge @ 26°C ^ (03/16/77) 

C/10 Charge for 20 hours @ 26Pc (03/16/77) 

C/2 Discharge @ 2 6°C " (03/1*7/77) 

C/lO Charge for 20 hours @ 2»>C (03/17/77) 

Load sharing for 90% efficiency @ lO^C (03/18/77) 


210mA Charge for 500ms 

945mA Discharge for 100ms (llShrs) 


C/2 Discharge @ 10®C 

C/20 Charge for 40 hours @ 10®C 

C/2 Discharge @ 10®C 

C/20 Charge for 40 hours @ 10®C 

Load sharing for 80% efficiency 


IpOC 


(03/23/77) 

(03/23/77) 

(03/25/77) 

(03/25/77) 

(03/27/77) 


210mA Charge for 500ms 

840mA Discharge for 100ms (llShrs) 

C/2 Discharge @ 10°C 

C/20 Charge for 40 hours @ lO^C 

C/2 Discharge @ 10°C 

C/20 Charge for 40 hours @ 10®C 


(04/01/77) 

(04/01/77) 

(04/03/77) 

(04/05/77) 


Test No . 
47 


48 

49 

50 

51 

52 


53 

54 

55 

56 

57 

58 

58 

59 

60 
61 
62 


63 

64 

65 

66 
67 


68 

69 

70 

71 

72 


73 

74 

75 

76 


fjiSS 


0-3 


F«ge % 


MATRIX LOAD SHARING TEST 


LoAd sharing for 60% efficiency @ 10®C 

(04/06/77) 

Test No 
77 

2l0mA Charge for 500ms 



630mA Discharge for IGOms (llShrs) 



C/2 Discharge @ 10®C 

(04/11/77) 

78 

C/20 Charge for 40 hours @ 10°c 

(04/11/77) 

79 

C/2 Discharge @ 10°C 

(04/13/77) 

80 

C/10 Charge for 20 hours @ 20°C 

(04/13/77) 

81 

Load sharing for 90% efficiency @ 20°C 

(04/14/77) 

82 


210mA Charge for 500ms 

945mA Discharge for 100ms (llOhrs) 


C/2 Discharge <§ 20*^C 

(04/19/77) 

83 

C/10 Charge, for 20 hours @ 20®C 

(04/19/77) 

84 

C/2 Discharge @ 20°C _ 

(04/20/77) 

85 

C/10 Charge for 20 hours @ 20°C 

(04/20/77) 

86 

Load sharing for 60% ef f icien cy @ 20°C 

(04/21/77) 

87 

210mA Charge for 500ms 

630mA Discharge for 100ms (118hrs) 



C/2 Discharge @ 20®C 

(04/26/77) 

88 

C/10 Charge for 20 hours @ 20°C 

(04/26/77) 

89 

C/2 Discharge @ 20°C 

(04/27/77) 

90 

C/10 Charge for 20 hours @ 20°C 

(04/27/77) 

91 

Load sharing for 93% efficiency @ 27°C 

(04/28/77) 

92 

71mA Charge for 500ms 

330mA Discharge for lOOms (154hrs)* 



C/2 Discharge @ 2 7®C 

(05/05/77) 

93 

C/10 Charge for 20 hours® 27 °c 

(05/05/77) 

94 

C/2 Discharge @ 25°C, one ohm 16 hours 

(05/06/77) 

95 

C/10 Charge for 20^hours @ 20°C 

(05/09/77) 

96 

C/2 Discharge @ 20 C, one ohm for storage (05/10/77) 

97 


« 


♦Cells on Open Circuit for 16 Hours after 102 Hours Elapsed 
Charge Time. Charging was then resumed for 52 Hours resulting 
in 154 Hours total charge time. 


yiS i iiiwffWirf if f i fr- i ifr i •; .. 5 i tiiv .. .n . ua . tA 
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|rr.-ixr 


RECONDITIONING AND SPECIAL ENGINEERING TESTS 





CELL 


CELL 


IKITIAL 

DISCHARGE 


2nd CYCLE 


POSITIOM 

1 

S/N 

745 

(11/05/76) 
4.20 (1.439) 

(11/09/76) 

4.05(1.443) 

[11/ IX/ it>} 1 

4.14(1.516) 

1 1 f OM/ \ V 

3.83 (1.404) 3.95 (1.464) 

4.32 (1.652) 3.96(1.425) 

4.35 (1.469) 

3.69 

3.96 (1.460) 

2 

750 

4.28 (1.466) 

3.87(1.428) 

4.23 (1.527) 

3.80 (1.400) 4.02 (1.469) 

4.28 (1.446) 3.93 (1.424) 

4.40 (1.472) 

3.68 

3.96 (1.456) 

3 

7SS 

4.32 (l.«68) 

3.93(i.A30) 

4.26 (1.5W) 

3.80 (1.400) 3.99(1.473) 

4.31 (1.451) 3.96(1,423) 

4.40 (1.476) 

3.66 

3.96 (1.462) 

4 

759 

4.14 (1.437) 

3.99(1.448) 

4.13(1.517) 

3.69 (1.402) 3.84 (1.466) 

4.32 (1.447) 3.93(1.433) 

4.25 (1.474) 

3.50 

3.77 (1.457) 

3 

762 

4.37 (1.453) 

3.99(1.431) 

4.26 (1.514) 

3.89 (1,403) 4.10 (1.471) 

4.47 (1.446) 3.96(1.424) 

4.44 (1.476) 

3.81 

4.11 (1.461) 

6 

772 

4.34i (1.461) 

3.96(1,436) 

4.31 (1.527) 

3.77 (1.398) 3.95 (1.470) 

4.31 (1.448) 3.90(1.423) 

4.44 (1.474) 

3.68 

3.99 (1.467> 

7 

776 

-4.16 (1.427) 

4.05 (1.437) 

4.14 (1.517) 

3.87 (1.404) 4.11 (1,470) 

4.35 (1.438) 3.99(1.423) 

4.40 (1.475) 

3.71 

4.04 (1.456) 
1 

8 

790 

4.35 (1.464) 

3 .99(1.437) 

4.31 (1.516) 

3.77 (1.398) 3.99 (1.471) 

4.32 (1.448) 3.96(1.423) 

4.41 (1.460) 

3.72 

4.01 (1.464) 

9 

808 

4.17 (1.414) 

4.04(1.446) 

4.11 (1.531) 

3.77 (1.405) 3.92 (1,470) 

4.31 (1.447) 3.98(1.427) 

4.34 (1.470) 

3.56 

3.81 (1.459) 

10 

816 

4.32 (1.451) 

3.92(1.429) 

4.23 (1.532) 

3.84 (1.401) 4.07 (1.474) 

4.31 (1.444) 3.90(1.422) 

4.41 (1.478) 

3.60 

4.08 (I.46I) 

11 

817 

4.17 (1.426). 

4.07(1.442) 

4.23 (1.526) 

3.84 (1.407) 4.04 (1.468) 

4.35 (1.440) 3.98(1.422) 

4.41 (1.473) 

3.63 

3 .93 (1.45«») 

12 

902 

"4.32 (1.458) 

3.98(1.437) 

4.28 (1.527) 

3.84 (1.403) 3-®9 (1.470) 

4.32 (1.445) 3.96(1.424) 

4.41 (1.475)' 

3.84 

4.08 (1.460) 

13 

923 

4.29 (1.443) 

3-92(i.430) 

4.22 (1.514) 

3.83 (1.398) 3.99 (1.465) 

4.32 (1.443) 3.93(1.425) 

4.41 (1.465) 

3.72 

4.01 (1.454) 

14 

925 

4.28 (1.457) 

3 . 98 (1.440) 

4.19 (1.523) 

3.83 (1.400) 3.99 (1.472) 

4.32 (1.453) 3.98(1.431) 

4-38 (1.476) 

3.65 

4.08 (1.462) 

15 

927 

4.32 ^1.450 

3.96 (1.433) 

4.28 (1.534) 

3.87 (1.403) 4.04 (1.475) 

4 .35 (1 .451) 3 .96 (1 .426) 

4.41 (1.474) 

3.62 

4.04 (l.460> 

16 

941 

4.29 (1.448) 

3.95(1.432) 

4.31 (1.504) 

3.84 (1.392) 4.07 (1.467) 

4.32 (1.447) 3.99(1.431) 

4.44 (1.475) 

3.63 

4.08 (1.459) 

17 

944 

4.17 (1.434) 

4.05(1.442) 

4.16 (1.502) 

3.83 (1.402) 3.89 (1.467) 

4.31 (1.451) 4.01(1.430) 

4.34 (1.469) 

3.50 

3.93 (1.457) 

13 

977 

4 - 32 (1.454) 

3-^2(1.431) 

4.31 (1.536) 

3.72 (1.399) 4.01 (1.472) 

4.28 (1.443) 3.87(1.423) 

4.44 (1.479) 

3.66 

4.01 (1.461) 

19 

979 

4.29 (1.440) 

2.89(1.429) 

4-37 (1.516) 

3.66 (1.193) 3-9® (1.467) 

4-25 (1.439) 3.87(1.423) 

4.49 (1.477) 

3.60 

4.05 (1.460) 

20 

981 

^•26 (1,449) 

3.89(1.427) 

4*28 (1.517) 

3.80 (1.398) 3.93 (1.468) 

«-32 (1.448) 3.92 (1.422) 

4.41 (1.474) 

3.35 

4.05 (1.459) 





20®C 


24^C ■ y 

20®C 

IQOC..... 

> 


22®C 


— — 







.? 

Ol 


oo 

*=d 2 

8| 
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ORBITAL LOAD SH^ MG AND MATRIX TESTS 


EFFICIENCY- — N/A 
CONDITION NO. N/A 
TEST NO. 25 


N/A 

82% 

N/A 

; 90% 

N/A 

1 80% 

N/A 

N/A 

2 

N/A 

3 

; N/A 

3 

N/A 

30 

33 

35 

38 

! 40 

43 

45 


CELL 

POSITION 

CELL 

S/N 

CALIBRATION 

CAPACITY 

CYCLE 

(01/20/77) 

CAPACITY 

AFTER 

CYCLING 

(01/26/77) 

CALIBRATION 

CAPACITY 

CYCLE 

(01/27/77) 

CAPACITY CALIDRATIOff 

AFTER CAPACITY 

CTCLIXC CYCLE 

(02/02/77) (02/03/77) 

CAPACITY CALIBRATIOK 

AFTER CAPACm . 

CYCLING CYCLE 

(02/09/77) (02/10/77) 

CAPACITY CALIfltATION 

AFTER CAPACITY 

CYCLING CYCLE 

(02/16/77) (02/17/77) 

A1 

745 

4.37 (1.A41) 

4.10 (1.349) 

4.19 

(1.639) 

4.19»*(1.JJ6) 

4,08** (1.444) 

- 


- 

- 


A2 

750 

4.43 (I.A34) 

4.08 (1.344) 

4.16 

(1.544) 

- 


- 


- 

4 .26** (1.J53 

4.18** (1.431) 

A3 

755 

4.41 (1^439) 

4.10 (1.347) 

4.19 

(1.638) 

- 


• ■■ 





A4 

759 

4.22 (1.434) 

3.98 (1.369) 

4.05 

(1^434) 


- 

* 

* 

• 

■ 


A5 

776 

4.43 (1.437) 

4.05 (1.350) 

4.19 

(1 A32) 

• 

- 



• 



A6 

808 

4.29 (1.433) 

3.98 (1.367) 

4.08 

(1.636) 

- 

- 

- 


• 

* 

■ 

A7 

817 

4.40 (1.437) 

4.05 (1.350) 

4.20 

(1.434) 

- 

- 

- 


• 



A8 

902 

4.43 (1.439) 

4.10 (1.352) 

4.23 

(1.434) 

- 

- 

4.30*. (l'.j*5]^*>*** 0.656) 


A9 

923 

4.40 (1.431) 

4.02 (1.344) 

4.13 

(1.430) 

- 

- 

— 



** 


AlO 

941 

4.46 (1.436) 

4.10 (1.344) 

4.20 

(1.436) 

- 

- 

• 


— - ^ 


• 

All 

944 

4.35 (1.436) 

4,01 (1.344) 

4.13 

(1.440) 

- 

• 




■m- 

• 

A12 

979 

4.49 (1.437) 

4.11 (1.343) 

4.20 

(1.636) 

- 

- 

- 


- 

• 

* 

Bl 

403 

3.40*(1.42's) 

- 

3.74 

(1.373) 

(I.J59) 

3.33 (1.«55> 

3.29 

n.M3) 

3.36 0.636) 

3.33 0.357) 

8.33 0.434) 

B2 

511 

3. 62* (1.626) 

- ' 

4.20 

(1.323) 

3I53 (1.560) 

3.72 (1.441) 

3.42 

(1.3A6) 

3.45 (1.637) 

3.39 (l,35») 

3.47 0.440) 

83 

596 

3. 25* (1.416) 

- 

3.87 

(1.365) 

3.83 (1.360) 

^.60 a-A32) 

3.24 

(13A4) 

3.23 0.610) 

3.18 (1.157) 

3.20 0,430) 

B4 

762 

4.44 (1.661) 

413 (1.349) 

4.23 

(1.637) 

4.16 (1.357) 

4.19 (1.437) 

4.02 

(1.366) 

4,10 (1.639) 

4.04 (1.359) 

4.05 (1,418) 

85 

772 

4.44 (1.6)7) 

4.08 (1.345) 

4-19 

(1.663) 

4.16 (1.356) 

4-16 (1.443) 

4.02 

(1.342) 

4.05 (1.4 50) 

4.01 (1.358) 

4.01 (1.446) 

B6 

790 

4.41 (1.662) 

4.16 (1.351) 

4.23 

(1.662) 

4.19 (1.356) 

4 .19 (1.443 

4.10 

(1.565) 

4.11 (1,650) 

4.10(1.1*1) 

4.08 (1.448) 

Bt 

816 

4.41 (1.661) 

4.10 (1.350) 

4.23 

(1.636) 

4.16 (1.553) 

4.16 (1.437) 

3.96 

(1.343) 

4.04 (1.439) 

3-96 (1.358) 

4,01 (1.415) 

88 

925 

4.38 (1.660) 

4.10 (1.345) 

4.20 

(1.665) 

4.19 (1.357) 

4.20 (1.440) 

4.02 

(1.343) 

4.05 (1.665) 

4.04 (1.159) 

4,04 (1.443) 

89 

927 

4.41 (1.636) 

4.10 (1.345) 

4.20 

(1.661) 

4.19 (1,356) 

4.16 (1.437) 

3.98 

(1.362) 

4.02 (1.660) 

3.99 (1.157) 

4.01 (1.417) 

BIO 

977 

4.64 ( 1.636) 

4.05 (1.343) 

4.20 

(1.666) 

4.19 (1.351) 

4oll (1.440) 

3.92 

(1.360) 

3.99 (i.oi) 

3,95 (1.151) 

3.93 (1.418) 

Oil 

981 

4.44 (1.637) 

4.05 (1.346) 

4.20 

(1.638) 

4.19 (1.355) 

4.26 (1,438) 

3.95 

(1.362) 

4.01 (1.416) 

3.98(1.35*) 

4.01 (lv413) 

812 

• • ... 

.. 

ee 

*e 


• e 

• e 

•• 



•'• 

• • 


CapacltyT?ycIe"oirTn75T777^ 

• •Capacities for orbital load sharlni; test 


of these colls performed on Matrix Load Sharinr Tester 
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ORBITAL LOAD t RING AND MATRIX TESTS 


EFFICIENCY 

90% 

N/A 

80% 

N/A 

99% 

N/A 

N/A 

N/A 

90% 

N/A 

CONDITION NO. 

4 

N/A 

4 

N/A 

4 

N/A 

N/A 

N/A 

6 

N/A 

TEST NO. 

48 

50 

53 

55 

58 

60 

63 

66 

68 

70 


ICiLLL 

IPOSITfON 


CAPACITlf 

AFTEIt 

CELL CYCLING 
S/N (02/23/77) 


CALIURATION CAPACITY 

CAPACITY AFTEH 

CYCLE CYCLING 

(02/24/77) (03/02/77) 


CALIBRATION CAPACITY CALIBRATION CAPACITY CALIBRATION 

CAPACITY AFTER CAPACITY AFTER CAPACITY 

CYCLE CYCLING CYCLE CYCLING CYCLE 

(03/03/77) (03/09/77) (03/10/77) (03/16/77) (03/17/77) 


CAPACITY CALIBRATION 
AFTER CAPACITY 

CYCLING CYCLE 

(03/23/77) (03/25/77) 


4.35V. 349) I 4.05\i.421) 


4 . 23« (1 .3S1) 1 3 . 77HI • 42S) 


4.22*(lf345) 




4.37*Cl.3A2) 4,08^(l.A24) 


4.34tl.M7)l 3.a7*(t.393| 


(1.347) 

(1.350) 
) (1.350) 

(1.351) 
‘ (1.352) 

(1.351) 

(1.348) 
(1.345) 

^ (1.343) 
> (1.349) 
ii.349) 


(1.419) 

(1.424) 

(1.419) 

(1.426) 

(1.431) 

(1.433) 

(1.424) 
(1.428) 

(1.425) 
(1.424) 
(1.422) 


(1.352) 
) (1.360) 
I (1.361) 
I (1.359) 
I (1.360) 
1 (1.361) 
I (1.358) 
1 (1.359) 

(1.353) 
t (1.354) 
I (1.358) 


(1.413) 

(1.414) 
(1.413) 
0.418) 

(1.424) 

(1.425) 
(1.429) 
(1.422) 
(1.418) 
(1.417) 

'(1.416) 


2.12 (1.319) 
2.34 (1.319 
2.06 (1.313) 
2.96 (1.316) 
« 3.09 (1.318) 
3.20 (1.319) 

2.81 (1.320) 
2.91 (1.315) 

2.82 (1.314) 
2.76 (1.316) 
2.81 (1.117) 


(1.420) 
(1.426) 
(1.420) 
0 .435) 
(1.430) 
(1.432) 

(1.425) 

(1.426) 
(1.423) 
(1.423) 
(1.420) 


(1.286)” 

(1.292) 
(1.290) 
(1 .295) 
(1.295) 

(1.293) 

(1.294) 
(1.294) 
(1.294) 

(1.294) 

(1.295) 


(1.424) 
(1.426) 
. (1.422) 
0 .434) 
(1.440) 
(1.442) 
(1.438) 
0 437) 
) (1.437) 
(1.436) 
(1.433) 



2.60 (1.377) 
2.88 (1.377) 
2.57 (1.374) 
3.00 (1.371) 
3 .17 (1 .369) 
3.24 (1.377) 
3.12 (1.377) 
3.12 0.375) 
3.09 0.377) 
3.05 (1.375) 
3.08 (1.376) 


(1.560) 
(I .550) 
(1.544) 

(1 .464) 

(1 .484) 
(1.476) 

(1.465) 
(1.471) 
(I .468) 

(1.485) 
(1.470) 



♦Capacltlou for orbital load sharing test of theso cells iwrformdd on llatrlx l>oad Sharing Tester 











ORBITAL LOAD SHAR'^ ' AMD MAIRIX TESTS 




EFFICIENCY 80% 

CONDITION NO. 6 
TEST NO. 73 




CELL 

2»/N 

CAPACITY 

AFTER 

CYCLING 

(04/01/77) 

745 

- 

750 


755 


759 


776 1 

4.38^1.348) 

808 

- 

817 

- 

902 


923 

- 

941 

- 

944 

- 

979 

- 

403 

2.85(1.373) 

511 

: j 

3.02(1.401) 

596 

3.44(1.470) 

762 

3.59(1.411) 

772 

3.56(l.a3) 

790 

3.56(1.416) 

816 

3.51(1.413) 

925 

3.50(1.414) 

927 

3.57(1.411) 

977 

3.59(1.414) 

981 

3.53(1.411) 

* 

* 


io®c — : 1 


N/A 

60% 

N/A 

N/A 

6 

N/A 

75 

78 

81 

CALIRKATION 

CAPACITY 

CYCLE 

(04/03/77) 

CAPACITY 

AHER 

CYCLING 

(04/11/77) 

CALIBRATION 

CAPACITY 

CYCIE 

(04/13/77) 

3.utl.)69) 

- 

1 I t III 1 1 


4.02(1.351) 

3.110.391) 

2.82(1.559) 

2.97(1.369) 

2.79(1.545) 

2.78(1.546) 

2.79(1.390) 

2.64(1.495) 

3.39(1.568) 

3.33(1.474) 

3.33(1.566) 

'3.66(1.465) 

3.71(1.434) 

3,75(1.467) 

3.72(1.491) 

3.75(1.441) 

3.83(1.490) 

3.68(1.482) 

3.71(1.432) 

3.78(1.485) 

3.57(1.464) 

3.62(1.432) 

3.65(1.469) 

3.62(1.476) 

3.65(1.436) 

3.72(1.477) 

3.65(1.472) 

3.69(1.436) 

3.72(1.472) 

3.71(1.491) 

3.71(1.439) 

3.75(1.487) 

3.62(1.475) 

3.65(1.436) 

3.69(1.476) 


* 



AFTER 

CYCLING 


3.32 l.^^^ 

3.15 1.336 
3.63 1.376 
4.20 1.365 

4.16 1.365 

4.17 1.367 

4.06 1.363 
4.11 1.364 

4.07 1.363 
4.10 1.357 
4.13 1.359 


N/A 

60% 

N/A 

5 

85 

88 

CALIBRATION 

CAPACITY 

CAPACITY 

AFTER 

CYCLE 

CYCLING 

(04/20/77) 

(04/26/77) 


4.43tl.343) I 3.96tl.410) 


3.12 1.555 

3.03 1.537 
3.56 1.565 
4.20 1.478 
4.11 1.495 
4.19 1.491 
4.05 1.475 
4.07 1.479 
4.02 1.474 

4.04 1.482 
4.14 1.477 


GALI8RATI0N 

CATACm 

CYCLE 

(04727/77) 


4.46tl.364) 

4.«7ll.421) 

1 

3.02(1.326) 

t 

i,U (1.555) 

3.14(1,332) 

3.12(1.546) 

3.65(1.376) 

3.69(1.565) 

4.22(1.369) 

4.22(1.472) 

4.11(1.368) 

4.16(1.490) 

4.17(1.370) 

4.22(1.485) 

4.02(1.366) 

3.99(1.471) 

4.07(1.367) 

4.07(1.477) 

4.05(1.364) 

4.02(1.471) 

4.02(1.363) 

3.99(1.482) 

4.13(1.367) 

4.13(1.475) 


.CAfACITT 

AFTER 

CYCLING 

(05/05/77) 


4.45(1.350) 

4.28(1.345) 

4.00(1.344) 

3.91(1.347) 

3.05(1.346) 

3.92 >;i. 345) 

3.80(1.345) I 

4.31(1.347) 

3.87(1.344) 

4.13(1.347) 

3.00(1.343) y 

3.48(1.346) 

3.14(1.327) 

2.93(1.302) 

3.66(1.341) 

4.29(1.336) 

4.25(1.338) 

4.28(1.340) i 

4.130.336) 

4.16(1.339) 

4.08(1.338) 

4.05(1.340) 

4,25(1.339) 


CALIBRATION 

GAFACITY 

CYCLE 

(05/06/77) 


3.98(1.412) 
3.83(1.412) 
3.84(1.416) 
3.75(1.415) 
3.45(1.411) 
3.81 (1.414) 
3.84(1.412) 
3.84(1.413) 
3.68(1.411) 
3.86(1.417) 
3.53(1.416) 
3.66(1.414) 
3.32(1.419) 
3.23(1.409) 
3.51(1.416) 
4.23(1.428) 
4.19(1.428) 
4.23(1.426) 
4.140.434) 
4. 140.433) 
4.04(1.426) 
4.02(1.435) 
4.22(1.431) 


C«p«clttcA for urblttfl loud aliarlng Coot of CIiubo cello performed on ooicrlx lood alioring tootor. 

Coll ovorvoltogii doCocCur rcMvod collo froN cliorgo oc 1.570 volro prior to coaplocion of 20 hour etiurgo period. 
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